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PHYSICS AND 
MEASUREMENT 


REVIEW OF BASIC CONCEPTS __ 

1. The SI System of Units 

The internationally accepted standard units of the 
fundamental physical quantities are given in Table 1.1. 

Table 1.1 Fund amen tal SI Un its 


Physical Quantity 

Marne of the Unit 

Symbol 

Length 

metre 

m 

Mass 

kilogram 

kg 

Time 

second 

s 

Electric current 

ampere 

A 

Temperature 

kelvin 

K 

Luminous intensity 

candela 

cd 

Amount of substance 

mole 

mol 

Angle in a plane 

radian 

rad 

Solid angle 

steradian 

sr 


2. Dimensions of Physical Quantities 

The dimensions of a physical quantity are the powers to 
which the fundamental units of mass (M), length (L) and 
time (T) must be raised to represent the unit of that quantity. 
The dimensional formula of a physical quantity is an 
expression that tells us how and which of the fundamental 
quantities enter into the unit of that quantity. 

In mechanics , the dimensional formula is written in 
terms of the dimensions of mass, length and time (M, L 
and T). In heat and thermodynamics , in addition to M, L 
and T, we need to mention the dimension of temperature 
in kelvin (K). In electricity and magnetism, in addition to 
M, L and T, we need to mention the dimension of current 
or charge per unit time (A or QT ’). 


Chapter 


© EXAMPLE 1 Find the dimensional formula of (a) 
velocity, (b) acceleration, (c) force, (d) work, (e) energy and 
(0 pressure. 


SOLUTION 


(a) Velocity (i>) = 


distance _ dx _ |L 


time 


= [LT - | ] = [M°LT“ I ] 

(b) Acceleration (a) = — = ——LZ— 1 = [M° LT 2 ] 

dt [T] 

(c) Force (F) = ma = [M] x [M° L T 2 ] = [M L T~ 2 ] 

(d) Work (W) = Fx=[ ML T" 2 ] x [L] = [M L 2 T' 2 ] 

(e) Energy = work = [M L 2 T 2 ] 


(0 Pressure = 


force [MLT -2 ] 


= [ML -1 T 2 ] 


area 


[L 2 ] 


Table 1.2 gives the dimensional formulae of some 
important physical quantities. 


3. Principle of Homogeneity of Dimensions 

Consider a simple equation, 

A + B = C. 

If this is an equation of Physics, i.e. if A , B and C are 
physical quantities, then this equation says that one physical 
quantity A, when added to another physical quantity B , 
gives a third physical quantity C. This equation will have 
no meaning in Physics if the nature (i.e. the dimensions) 
of the quantities on the left-hand side of the equation is 
not the same as the nature of the quantity on the right-hand 
side. For example, if A is a length, B must also be a length 
and the result of addition of A and B must express a length. 
In other words, the dimensions of both sides of a physical 
equation must be identical. This is called the principle of 
homogeneity of dimensions. 
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Table 1.2 Dimensional Formulae of some Physical Quantities 


Physical Quantity 

Dimensional Formula 

Physical Quantity 

Dimensional Formula 

Area 

m°l 2 t° 

Heat energy 

ML 2 T“ 2 

Volume 

m°l 3 t° 

Entropy 

ML 2 T“ 2 K 1 

Density 

ML 3 T° 

Specific heat 

m°l 2 t 2 k 1 

Velocity 

M°LT” 1 

Latent heat 

m°l 2 t- 2 

Acceleration 

M°LT " 2 

Molar specific heat 

ML 2 T‘ 2 K“' mol -1 

Momentum 

MLT~ 1 

Thermal conductivity 

MLT 3 K^‘ 

Angular momentum 

ML 2 T 1 

Wien’s constant 

M°LT°K 

Force 

MLT 2 

Stefan’s constant 

ML°T' 3 K^ 

Energy, work 

ml 2 t~ 2 

Boltzmann’s constant 

ML 2 T‘ 2 K 

Power 

ml 2 t 3 

Molar gas constant 

ML 2 T 2 K 1 mol 1 

Torque, couple 

ML 2 T 2 

Electric charge 

TAorQ 

Impulse 

MLT 1 

Electric current 

A or QT 1 

Frequency 

M°L°T ' 

Electric potential 

MLT 2 Q ' 
or ML 2 T 3 A 1 

Angular frequency 

M°L°T“ 1 

Electric field 

MLT 2 Q-‘ 
or MLT 3 A ' 

Angular acceleration 

M°L°T 2 

Capacitance 

M 1 L 2 T 4 A 2 
or M _1 L" 2 T 2 0 2 

Pressure 

ML''r 2 

Inductance 

ML 2 T°Q~ 2 
orML 2 T" 2 A 2 

Elastic modulii 

ML ‘T“ 2 

Resistance 

ml 2 t~'q 2 

or ML 2 T“ 3 A“ 2 

Stress 

ml-'t 2 

Magnetic flux 

ML 2 T“'Q 1 
orML 2 T 2 A 1 

Moment of inertia 

ml 2 t° 

Magnetic flux density or 
Magnetic induction field 

ML°T _1 Q ' 
or ML°T‘ 2 A 1 

Surface tension 

ML°T 2 

Permeability 

MLQ 2 or MLT 2 A 2 

Viscosity 

ML 'T 1 

Permittivity 

M 'L 3 T 2 Q 2 
orM 'L 3 T 4 A 2 

Gravitational constant 

M“'L 3 T“ 2 

Planck’s constant 

ML 2 T _i 

O EXAMPLE 2 The 

varies with time t as 

x = at + br, where 

distance x travelled by a body 

a and b are constants. 

[X] 

or [6]= = 

TT =[LT- 2 ] = [M°LT- 2 ] 


Find the dimensions of a and h. 

SOLUTION The dimensions of each term on the 
right hand of the given equation must be the same as those 
of the left hand side. Hence 

Dimensions of at = dimensions ofx 


or 


[a]= ^ = ^l = tLT _1 ] = [M 0 LT _1 ] 

M [T] 


Dimensions of bt 2 = dimensions of x 


EXAMPLE 3 The pressure P, volume V and 

temperature T of a gas are related as 

/ 

a 


p + -\<y-b) = cT 


a 


where a , />, and c are constants. Find the dimensions of — . 

b 

SOLUTION Dimensions of = dimensions of P. 

V 2 

Dimensions of a = dimensions of PV 
Also dimensions of b = dimensions of V 
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2 

\ Dimensions of | = [PV] = [ML 1 T” 2 ] x[L 3 ] 

= [ML 2 T” 2 ] 



Note 


1. Trigonometric functions (sin, cos, tan, cot, 
etc.) are dimensionless. The arguments of 
these functions arc also dimensionless. 

2. Exponential functions arc dimensionless. 
Their exponents arc also dimensionless. 


EXAMPLE 4 When a plane wave travels in a 
medium, the displacement y of a particle located at x at 
time t is given by 

y = a sin (bt + cx) 

where a , h and c are constant. Find the dimensions of — . 
© SOLUTION Terms bt and ex must be dimensionless. 
Hence 

\_ 

M 

1 


and 


[h] = 
[c] = 


- [T ”'] 


i 


= [L-'] 


h 

c 


M [L] 

= [LT '] = [M° LT "'] 


Note that the dimensions of a are the same as those of y. 
EXAMPLE 5 In the expression 

P= ^e-<* 
h 

P is pressure, x is a distance and a and b arc constants. 
Find the dimensional formula for b. 

- 1 


SOLUTION 


a 


Also ax is dimensionless. Hence [a] = [L ]. 

[LT 2 ] 


[P] 


[ML” 1 T" 2 ] 


= [M”' L” 1 T 2 ] 


The principle of homogeneity of dimensions can also be 
used to find the dependence of a physical quantity on other 
physical quantities. 

EXAMPLE 6 In the expression 

a + bx 


L = 


ct 


L is magnitude of angular momentum, x is a length, t is 

time and a, b, and c are constants. The dimensions of — 
are the same as those of 6 

(a) torque (b) moment of inertia 

(c) work (d) Impulse 


SOLUTION 


r a bx 
L= — + — 


a 

LCJ 


Ct ct 

= [Lt] = [nwr] x [/] 
i 


= [M] x [LT ] x [L] x [T] 

= [ML 2 T°] 

The correct choice is (b). 

EXAMPLE 7 Einstein’s photoelectric equation is 
K mi «= hv-W, 

where K miiK is the maximum kinetic energy of 
photoelectrons, v is the frequency of incident radiation, 
W 0 is the work function of the metal and h is Planck’s 
constant. Find the dimension formula of (a) h and (b) W 0 . 

Q SOLUTION 

same as those of K max . 

(a) [hv\ = [AT max ] 


The dimensions of hv and W 0 are the 


[/,] = 


" IS 

7V max 


ml 2 t -2 ' 

. V _ 


T _1 


= [ML 2 T _1 ] 


(b) 


m = [AT max ] = [ML 2 T- 2 ] 


EXAMPLE 8 If pressure P is given by 


P = 


g-r 

bt 


where t is a length, / is time and a and b are constants, find 
the dimensional formula of b. 

© SOLUTION [a] = [e 2 ] = [L 2 ] 

Also [Pbt]= [a] 

=> [ML -1 T" 2 ] x [A] x [T] = [L 2 ] 

=> [ML” I T']x[fe] = [L 2 ] 

^ [6 '- ,L ’ TI 

Q EXAMPLE 9 Find the dimensional formula of (a) 
gravitation constant (G), (b) coefficient of viscosity ( 17 ), 
(c) specific heat capacity (.v). 

SOLUTION (a) From Newton’s law of gravitation 

G YYi\ nu 


F- 


[G] = 


iFlxlr 2 ! ImLT” 2 JxIl 2 ] 


[n?,]x[/« 2 J 1m 2 I 
= [M ” 1 L 3 T" 2 ] 
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(b) The resistive force on a spherical body of radius 
r, moving with a velocity v in a fluid of coefficient of 
viscosity is given by 

F= 6 n Tj r v 

[Fl _ Imlt~ 2 1 
77 IHxM _ ILJ xLlT -1 ] 

= [ML -1 T' 1 ] 

(c) Q = ms AT 

where Q is heat energy, m is the mass of the body and AT 
is the change in temperature. 

r 5l= [g] _ [ML 2 T ~ 2 ] 

[mAT] IMK] 

= [M°L 2 T“ 2 K '] 

Q EXAMPLE 10 In a standing wave, the displacement 
of a particle at Jt at time / is given by 

y(x, t) = a sin ( hx ) cos(ct) 

where a , b, and c are constants. Find the dimensions of — 

c 

are the same as those of 


(a) wavelength 
1 

(c) 

wavelength 


(b) wave velocity 

(d) -T“T 

wave velocitiy 


SOLUTION Since bx and ct must be dimensionless, 
dimension of b is [L '] and c is [T ’]. Therefore 


b 

LCJ 


1 


1 


Il-M 


(T M iLT 1 1 velocity 


EXAMPLE 11 When a liquid of coefficient of 
viscosity rj and density p flows through a pipe of radius r, 
the flow remains streamline if its velocity does not exceed 
a value v c given by 


^ c = 


_ k7 l 


pr 


where k is a constant called Reynold’s constant. Show that 
k is dimensionless. 

SOLUTION 


k = 


_ c 


V c pr 


n 


[*] = 


[y f ]x[p]x[;-] 


\ri I 

[lT~‘]x[mL~ 3 ]xLL] 
[M° L°T°] 


EXAMPLE 12 Find the dimensional formula for 
(a) electric field E and (b) magnetic field B in terms of 
M, L, T and A where A represents dimension of electric 
current. 


SOLUTION 


(a) 


Current 


q 


charge 


[£] = 


IFI 


time 


or 


/= q - 
t 


q = It=> [q] = [AT] 


[£]= 1^ LT J =[MLT~ 3 A~'] 
l AT] 

(b) The force experienced by a charge q moving with a 
velocity v in a magnetic field B is given by 

F = q (v x B) 

Magnitude of F isF=qvB sin 0. Since sin 0 is dimentionless 

IF] [MUr 2 ] 


[5j = 


[?]x[y] iatIxIlt -1 J 


= [ML 0 T _ 2 A“'] 


EXAMPLE 13 The dimensions of — are the same 


as those of 

(a) current 

(c) velocity 


B 


(b) 


(d) 


1 


current 

1 


velocity 

SOLUTION Lorentz force is given by 

F = i| [E + v x B] 

Hence dimensions E are the same as those of v x B. 

[F] = [v] x [S] 

(y sin 6 is dimensionless) 


E 
L£J 


= [v], which is choice (c). 


EXAMPLE 14 Find the dimensional formula of (a) 
electrical permittivity (£) and (b) magnetic permeability 

w. 

(0 SOLUTION The force between two charges q } and 
q 2 separated by a distance r in a medium of permittivity 
£ is 




q\ qi 

An £ r 


[£] 


= U\ J x k> J 

tFJ x [/- 2 ] 
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[AT] x [AT] 

Imlt _2 1x[l 2 1 
= [m-'l- 3 t 4 a 2 ] 

(b) The magnetic field inside a long solenoid of length £ 
having N turns carrying a current / is given by 

p N I 


B = 


f. 


where p is the permeability of the core. Therefore 

[Bixltl 


lp] = 


1/1 


[mL°T -2 A _l ]xtL] 

\a\ 

= [MLT' 2 A 2 ] 

EXAMPLE 15 The dimensions of pe are the same 
as those of 


(a) current 


(c) velocity 


(b) 


(d) 


1 


'j 

(current)“ 

1 

(velocity)* 


SOLUTION The velocity of an electromagnetic 
wave travelling in a medium of permeability p and per¬ 
mittivity £ is given by 

1 


v = 


Hence the correct choice is (d). 

EXAMPLE 16 Find the dimensions of e 0 E 2 . 

SOLUTION The energy density u (energy per unit 
volume) of the electric field when an electromagnetic 
wave travels in a vacuum is given by 

u = — e {) E 2 
2 0 


[e 0 E 2 ]= [u] = 


[energy] 


[volume] 

_ (ml 2 t -2 ) 

Il 3 J 

= [ML -1 T~ 2 ] 

EXAMPLE 17 Find the dimensional formula of (a) 
electrical resistance and (b) electrical conductivity. 

SOLUTION 

[Fl 


(a) 


V = IR. Therefore [R\ = 


l/l 


(1) 


Now 


Therefore 


C 1 


[w] _ [ml 2 t~ 2 ] 

[q] lAT I 


= [ML 2 T' 3 A '] 


(2) 


Using (2) in (1) we get 


[ml 2 t- 3 a-'] 

L J [A] 

= [ML 2 T“ 3 A“ 2 ] 

RA 

(b) Electrical resistivity p= —. Electrical conductivity 
is defined as 


1 £ 

<j= _ = — 

p RA 


[C7l = 


m 


A = area 
[Ll 


\R\x [A\ [ML 2 T -3 A 2 ] x II 2 I 
= [M ‘ 1 L " 3 T 3 A 2 ] 

EXAMPLE 18 Find the dimensional formula of (a) 
capacitance C and (b) inductance L. 

SOLUTION (a) O = CV 

[Q]_ [AT] 

1 J lv \ ~ [ml 2 t _ 3 a _1 ] 

= [M-'L- 2 T 4 A 2 ] 

(b) <p = LI, 0= magnetic flux (B.A) 

[L] = [0] x [/]-' = [B] x [A] x [/]-' 

= [ML°T“ 2 A _1 ] x [L 2 ] x [A -1 ] 

= [ML 2 T“ 2 A -2 ] 

Q EXAMPLE 19 If T denotes dimension of time 
period, the dimensions of CL are 

(a) T ' 2 (b) T~' 

(c) T (c) T 2 

© SOLUTION The angular frequency of an LC cir¬ 
cuit is given by 

1 


co = 


LC = 


VZc 


a) 2 4 n 2 v 2 


4 n~ 


so the correct choice is (d). 
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1 L 

EXAMPLE 20 Find the dimensions of Q= — J— . 

R\C 


SOLUTION Q=-J- = 

R\C 


R 2 C 


L/R 

He 


— is the time constant of an LR circuit and RC is the 
R 

time constant of an RC circuit. Hence Q is dimensionless. 

© EXAMPLE 21 The time period (t) of a simple 
pendulum may depend upon m the mass of the bob, / the 
length of the string and g the acceleration due to gravity. 
Find the dependence of t on m, I and g. 

SOLUTION 


Let 


or 


t m a I h g 
t = k m a l h g\ 


where k is a dimensionless constant. 

Writing the dimensions of each quantity, we have 

[T] = [M]° [L]* [LT' 2 f 


or 


[M°L°T] = [M"L /?+< T ~ 2c ] 


According to the principle of homogeneity of 
dimensions, the dimensions of all the terms on either side 
of this equation must be the same. Equating the powers of 
M, L and T, we have 

a = 0 , b + c = 0 and - 2 c* = 1 , 

which give b = — and c = . 

2 2 


Hence 


1 = k m° /‘V- 1/2) 


^ ,= k U 

Thus t is independent of the mass of the bob and is directly 
proportional to >/7 and inversely proportional to y[~g . 

© EXAMPLE 22 Assuming that the time period T of 
a planet depends upon its mean distance r from the sun, 
gravitation constant G and mass m of the sun, show, by 
using dimensional considerations that T oc r 3 '”. 

SOLUTION Let T~ r ° G b m c 

or T= k r n G b m c 

Substituting dimensions, 

[M° L° T] = [L]° x [M _l L 3 T“ 2 ]* x [M]‘ 

= [M 6 + c ] X [L a + ih ] x [T 2 *] 
Equating powers of M, L and T, we get 

- b + c = 0, a + 3b = 0, and -2 b = 1. 

3 1 1 

These equations give a = —,/> = - — and c = - — . Hence 


T= k r 312 G~ m m ~ m 

Thus T oc r . This is Kepler’s law of periods. 

EXAMPLE 23 The volume of a liquid flowing per 
second (Q) through a uniform pipe depends upon r the 
radius of the pipe, T) the coefficient of viscosity of the liquid 

and pressure gradient jyj between the ends of the pipe. 

Dimensional considerations show that Q is proportional to 
(a) r (b) r 


(c) r 


SOLUTION 


e=*i- 

i 


(d) r 


r h r\ c 


[L 3 T'i] = 1 ML ' 1 2 1 x [L fc ] x [ML' 1 T _1 ] c 

1L1 

= [M 11 + c ] x [L" 2fl + b - c ] x [T ~ 2fl ' c ] 

/. a + c = 0, - 2a + b - c = 3 and -2a - c = 1. These 
equations give a = 1, b = 4 and c = - 1. Thus 


Q= k 


pr 


Q oc r\ which is choice (d). 

Q EXAMPLE 24 The speed (v) of transverse waves 
travelling on a string depends on tension ( T ) with which 
the string is stretched and mass per unit length (/J.) of the 
string. Using dimensional considerations, obtain the ex¬ 
pression for v in terms of T and p. 

SOLUTION Let v = kT a p b 
[M°LT ']= [MLT _2 ]° x 


M 

lTj 


= [M ( ‘' + /,) ] x [L (o_ft) ] x [T _2a ] 

Equating powers of M, L and T, 

a + b = 0,a-b = \,-2a = -\. Solving these equations 

we get a = + —,/? = - — . Hence 
2 2 

r 

v = k T 1 v z = kA- 

R 

where k is a dimensionless constant. 

4. Significant Figures 

The number significant figure in any measurement indicates 
the degree of precision of that measurement. The degree of 
precision is determined by the least count of the measuring 
instrument. Suppose a length measured by a metre scale (of 
least count = 0.1 cm) is 1.5 cm, then it has two significant 
figures, namely 1 and 5. Measured with a vernier callipers 
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(of least count = 0.01 cm) the same length is 1.53 cm and 
it then has three significant figures. Measured with a screw 
gauge (of least count = 0.001 cm) the same length may be 
1.536 cm which has four significant figures. 

It must be clearly understood that we cannot increase 
the accuracy of a measurement of changing the unit. For 
example, suppose a measurement of mass yields a value 
39.4 kg. It is understood that the measuring instrument 
has a least count of 0.1 kg. In this measurement, three 
figures 3, 9 and 4 are significant. If we change 39.4 kg to 
39400 g or 39400000 mg, we cannot change the accuracy 
of measurement. Hence 39400 g or 39400000 mg still have 
three significant figures; the zeros only serve to indicate 
only the magnitude of measurement. 

Estimation of Appropriate Significant Figures in 
Calculations 

fhe importance of significant figures lies in calculation to 
find the result of addition or multiplication of measured 
quantities having a different number of significant figures. 
The least accurate quantity determines the accuracy of 
the sum or product. The result must be rounded off to the 
appropriate digit. 

Rules for Rounding off 

The following rules are used for dropping figures that are 
not significant 

1. If the digit to be dropped is less than 5, the next 
(preceding) digit to be retained is left unchanged. 
For example, if a number 5.34 is to be rounded off 
to two significant figures, the digit to be dropped is 4 
which is less than 5. Hence the next digit, namely 3, 
is not changed. The result of the indicated rounding- 
off is therefore, 5.3. 

2. If the digit to be dropped is more than 5, the preceding 
digit to be retained is increased by 1. For examples 
7.536 is rounded off as 7.54 to three significant 
figures. 

3. If the digit to be dropped happens to be 5, then 

(a) the preceding digit to be retained is increased by 
1 if it is odd, or 

(b) the preceding digit is retained unchanged if it is 
even. 

For example, 6.75 is rounded off to 6.8 to two 
significant figures and 4.95 is rounded off to 5.0 but 
3.45 is rounded off to 3.4. 

Rule for Finding Significant Figures 

1. For addition and subtraction, we use the following 
rule. 
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Find the sum or difference of the given measured 
quantities and then round off the final result such 
that it has the same number of digits after the 
decimal place as in the least accurate quantity fi.e., 
the quantity which has the least number of significant 
figures) 

© EXAMPLE 25 Four objects have masses 2.5 kg, 
1.54 kg, 3.668 kg and 5.1278 kg. Find the total mass up to 
appropriate significant figures. 



SOLUTION 


M= 2.5 + 1.54 + 3.668 + 5.1278 = 12.8358 kg 
In this example, the least accurate quantity is 2.5 kg. This 
mass is accurate only up to the first decimal place in kg. 
Flence the final result much be rounded off to the first 
decimal place in kg. The correct result up to appropriate 
significant figures is M= 12.8 kg. 


2. We use the following rule to determine the number 
of significant figures in the result of multiplication 
and division of various physical quantities. 


Do not worry about the number of digits after the 
decimal place. Round off the result so that it has the 
same number of significant figures as in the least 
accurate q uantity. 


EXAMPLE 26 A man runs 100.2 m in 10.3 s. Find 
his average speed up to appropriate significant figure. 



SOLUTION 


Average speed (i?) = 


100.2 m 
10.3s 


= 9.728155 ms' 1 


The distance 100.2 m has four significant figures but the 
time 10.3 s has only three. Hence the value of the result 
must be round off to three significant figures. The correct 
result is v = 9.73 ms 1 


5. Least Counts of Some Measuring Instruments 

1. Least count of metre scale = 1 mm = 0.1 cm 

2. Vernier constant (or least count) of vernier callipers 
= value of 1 main scale division-value of 1 vernier 
scale division = 1 M.S.D. - 1 V.S.D 

Let the value of I M.S.D = a unit 

If n vernier scale divisions coincide with m main 
scale divisions, then value of 

1. V.S.D = — of 1 M.S.D = — unit 
n n 

1 a unit 
n! 


Least count = a - 


ma 


n 
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3. Least count of a micrometer screw is found by the 
formula 


Least count = 


Pitch of screw 


T otal number o f divisions 
on circular scale 


where pitch = lateral distance moved in one com¬ 
plete rotation of the screw. 

EXAMPLE 27 In a vernier callipers, 19 divisions 
of the main scale exactly coincide with 20 divisions of the 
vernier scale. If the smallest division of the main scale is 
1.0 mm, find the vernier constant of the callipers. 

SOLUTION Value of 1 M.S.D. = 1.0 mm 

20 divisions of the vernier scale = 19 M.S.D. 

= 19x1.0 mm = 19 mm 

19 

Value of 1 V.S.D. = — mm 

20 

Least count or vernier constant = 1 M.S.D. - 1 V.S.D 


1.0 mm - 
1 


19 


mm 


20 


20 

mm = 0.05 mm 


= 0.005 cm 

EXAMPLE 28 A physical quantity X = 


A 2 B 


.1/3 


c - Vd 

is calculated by using measured quantities A, B, C and D. 

If the errors in the measurement of A , B , C and D are 1%, 
2%, 3% and 4% respectively, find the percentage error in 
the measurement of X. 


SOLUTION Given X = 


a 2 b 


1/3 VZ> 


A3T A A AB 1 AC 1 AD 

- = 2 - + — +-+- 

X A B 3 C 2 D 

= 2 x 1% + 2% + -x 3% + — x 4% 

3 2 

= 2% + 2% + 1% + 2% 

= 7% 

EXAMPLE 29 The length and breadth of a 
rectangular lamina are L = (2.6 ± 0.1) cm and B = (1.8 
± 0.2) cm. Find the area of the lamina up to appropriate 
significant figures stating the error limits. 

SOLUTION Area is A = 2.6 x 1 .8 = 4.68 cm 2 


Now 


A = Lx B 


A A A L AB 

- —-H- 

ALB 

0.1 0.2 
2.6 1.8 
= 0.038 + 0.111 

= 0.149 

A A = 0.149 xA= 0.149 x 4.68 

= 0.697 cm 2 

Since the error is in the first decimal place, we round off 
A A = 0.7 cm“. The value of A cannot be correct upto the 
second decimal place. So A = 4.7 cm 2 . The result of the 
measurement is written as 

A = (4.7 ±0.7) cm 2 

EXAMPLE 30 The error in the measurement of 
diameter of a sphere is 1%. The percentage error in the 
measurement of the volume is 


(a) 1 % 

(c) 3% 

SOLUTION 


(b) 2 % 
(d) 4% 


v-^r> 


AV 3 AD 


3 (vS 


3 \ 2 


= 3 x 1% = 3% 


?> 


V D 

EXAMPLE 31 Two resistors R x = (2.2 ±0.1) O and 
R 2 = (8.0 ± 0.2) O are connected in series. The resistance 
/L. of the series combination is 


(a) ( 10.2 ± 0 . 1 )Q 
(c) (10.2 ±0.3)0 

SOLUTION 


(b) ( 10 . 2 ± 0 . 2 )Q 
(d) (10.2 ± 0.4) Q 


R S = R ] +/G = 2.2 + 8 . 0 = 10.20 
AR S = AR X + AR 2 = 0.1 + 0.2 = 0.3 Q 


R s = (10.2 ± 0.3)0. So the correct choice is (c). 

EXAMPLE 32 In Ex. 31 above, if the resistors /?, 
and R 2 are connected in parallel, the resistance R p of the 
parallel combination is 


(a) (1.725 ±0.171)0 
(c) (1.7 ±0.2)0 

SOLUTION 

_ /?i R 2 _ R\ R2 
p~ R, + R, 


(b) (1.73 ±0.17)0 
(d) (1.725 ±0.2)0 


2.2 x 8.0 


R. 


10.2 


= 1.7250 


A R } 


R, 


R 


+ 


AR-, A R. 


R- 


+ 


R. 
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0.1 0.2 0.3 

+-+- 


2.2 8.0 10.2 
= 0.045 + 0.025 + 0.029 
= 0.099 

/. AR r = 0.099 x R /} = 0.099 x 1.725 = 0.171 = 0.2 Q 
R p = (\J ± 0.2) Q 
The correct choice is (c). 

6 . Order of Accuracy: Proportionate Error 

The order of accuracy of the result of measurements is 
determined by the least counts of the measuring instruments 
used to make those measurements. Suppose a length x is 
measured with a metre scale, then the error in jt is ± Ax, 
where Av = least count of metre scale = 0.1 cm. If the same 
length is measured with vernier callipers of least count 
0.01 cm, then Av = 0.01 cm. 

Av 

Fractional or proportionate error is defined as —. 

x 

Av 

Maximum percentage error = — x 100. 

x 

1. Error in Sum: Suppose a quantity is given by 

a = x + y 

Then A a = Av + Ay is the maximum error and 
A a _ Av + Ay 

a (x + y ) 

2. Error in Difference: If a = x-y 9 then the maximum 
error is 

A a = Av + Ay 

We take the worst case in which errors add up. 

Aa _ Av + Ay 

a (x-y) 

3. Error in Product and Division: Suppose we deter¬ 
mine the value of a physical quantity u by measur¬ 
ing three quantities x,y and z whose true values are 
related to u by the equation 

a li -y 

u = .v y z 1 

Let the expected small errors in the measurement of 
quantities x, y and z be respectively ± 5x , ± Sy and 
± Sz so that the error in u by using these observed 
quantities is ± 8u. The numerical values of <5v, Sy 
and Sz are given by the least count of the instru¬ 
ments used to measure them. 

Taking logarithm of both sides we have 

log u = a logx + f3 logy’ - ylog z 

Partial differentiation of the above equation gives 

An Av n Av Az 
— = a — + p — - y — 
u x y z 


The proportional or relative error in u is A uhi . The 
values of Av, Ay and Az may be positive or negative 
and in some cases the terms on the right hand side 
may counteract each other. This effect cannot be 
relied upon and it is necessary to consider the worst 
case which is the case when all errors add up giving 
an error An given by the equation: 

Aw\ 

U I m;i 


Av 0 Ay Az 
= a — + p — + y — 

max X y Z 


Thus to find the maximum proportional error in //, 
multiply the proportional errors in each factor (x, y 
and z) by the numerical value of the power to which 
each factor is raised and then add all the terms so 
obtained. 

The sum thus obtained will give the maximum pro¬ 
portional error in the result of u. When the propor¬ 
tional error of a quantity is multiplied by 100 , we 
get the percentage error of that quantity. 
EXAMPLE 33 In an experiment for determining 
density (p) of a rectangular metal block, a student makes the 
following measurements. 

Mass of block (m) = 39.3 g 
Length of block (x) = 5.12 cm 
Breadth of block (y) = 2.56 cm 
Thickness of block (z) = 0.37 cm 

The uncertainty in the measurement of m is ± 0.1 g and in 
the measurement ofx, y and z is ± 0.01 cm. Find the value 
of p (in g cm ~ 3 ) up to appropriate significant figures, 
stating the uncertainty in the value of p. 

SOLUTION 

p = — = -—- = 8.1037 gem' 3 


xyz 5.12x2.56x0.37 


Ap 

8 ) 


max 


Am 

Av 

Sy 

Az 

- + 

+ 

+ 

— 

m 

X 

y 

z 

0.1 

0.01 

0.01 

0.01 

+ 

+ 



39.3 

= 0.0353 

5.12 

2.56 

0.37 


Ap = 0.0353 x p = 0.0353 x 8.1037 
= 0.286 gem 1 

Round off error Ap to the first significant figure as 
Ap = 0.3 gem 3 . 

Hence p = 8.1037 gm 3 is not accurate to the fourth 
decimal place. In fact, it is accurate only up to the first 
decimal place. Hence the value of p much be rounded off 
as 8.1 and the result of the measurement is written as 

p = (8.1 ±0.3) gem ' 3 
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An Important Tip 

To find the dimensional formula of the required 
quantity, recall any relation which relates that quantity 
with other quantities whose dimensions we already 
know. For example, to find the dimensional formula 
for capacitance C, we can use relation 

p A 

Q = CV or C= — or U= - CV 2 3 . 

d 2 

Similarly, to find the dimensional formula for magnetic 
field B , we can use relation F = q v B or F = BIL. or 
B = jin I (here n = Number of turns per unit length). 


EXAMPLE 34 Find the dimensional formula of 
Bohr magneton. 

SOLUTION Bohr magneton = ——— 

4 n m t , 

[AT]x[mL 2 T _i ] 

M 

= [M°L 2 T°A] 

fhe SI unit of Bohr magneton is ampere (metre) - (or Am - ) 


1. Errors always add; they never cancel other. 

2. The quantity which is raised to the highest 
Note power contributes the maximum error and 

hence it must be measured to a high degree 
of accuracy. 



Applications 

1. For a simple pendulum T= 2 n 

2. For a sphere of radius r. 



A T = AT 
T 2 £ 


Surface area A = 4/rr 


4 "5 

Volume V= — nr 
3 


A A 2A r 


A r 
AV 3 A r 


V 


r 


n A i . . 4 . GM 

3. Acceleration due to gravity g = 

A g 2 A R AM 

=> —— = -+- 

g R M 

4. For resistances connected in series 

n „ A R s AR X +AR 2 

R=R, + R, => - L = -^ 

R , ^ 1+^2 

5. For resistances connected in parallel 

1 


R 


1 1 

+ 


A R p A/?, A R 2 


R 


R; 


R; 


y R \ R 2 

r r - - 

A R p A R, A Rj 

* -irry 

6 . Kinetic energy K and linear momentum p are related 


as 


P' 


A K 2Ap 


2 m 


K 


P 


i 

SECTION 


Multiple Choice Questions with One Correct Choice 


1. Which one of the following is not a unit of length? 

(a) angstrom (b) light year 

(c) fermi (d) radian 

2. The unit of impulse is the same as that of 

(a) moment of force 

(b) linear momentum 

(c) rate of change of linear momentum 

(d) force 

3. Which pair of quantities has dimensions different 
from the other three pairs? 

(a) Impulse and linear momentum 

(b) Planck's constant and angular momentum 


(c) Moment of inertia and moment of force 

(d) Young’s modulus and pressure 

4. The dimensions of the coefficient of viscosity are 

(a) ML 2 T" 2 (b) MLT " 1 

(c) ML” 't ~ 1 (d)ML“'T“ 2 

5. The dimensions of surface tension are 

(a) ML°T“ 2 (b) MLT 2 

(c)ML~'T“ 2 (d) ML~ 2 T -2 

6 . The SI unit of the universal gravitational constant G is 

(a) Nm kg 2 (b) Nm 2 kg 2 

(c) Nm 2 kg 1 (d) Nm kg 1 
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7. The dimensions of the coefficient of thermal 
conductivity are 

(a)MLT~ 3 K~‘ (b)MLT 2 K‘ 

(c) MLT -1 K _l (d)MLT‘ 2 K -2 

8 . The SI unit of Stefan’s constant is 

(a) W s m “ 2 K 4 (b) J s m ” 2 K " 4 

(c) J s ' 1 m 2 K -1 (d)Wm 2 K “ 4 

9. The SI unit of magnetic permeability is 

(a) A m 1 

(b) A m 

(c) H m _l 

(d) No unit; it is a dimensionless number 

10. The quantities L/R and RC (where L, C and R stand for 
inductance, capacitance and resistance respectively) 
have the same dimensions as those of 

(a) velocity (b) acceleration 

(c) time (d) force 

11. The dimensions of entropy arc 

(a) mVtY (b) mV 2 T°K 2 

(c) MLT 2 K (d) ML 2 T~ 2 KT' 

12. What is the physical quantity whose dimensions are 
ML 2 T 2 ? 


(a) kinetic energy (b) pressure 

(c) momentum (d) power 

13. Which one of the following has the dimensions of 
ML-'T -2 ? 

(a) torque (b) surface tension 

(c) viscosity (d) stress 

14. The dimensions of angular momentum are 

(a) MLT 1 (b) ML 2 T^‘ 

(c) ML _1 T (d) ML°T 2 

15. The gravitational force F between two masses /??, and 

m 2 separated by a distance r is given by F= ^ J ni \ n h 

r 2 

where G is the universal gravitational constant. What 
are the dimensions of G? 

(b) ML 3 T -2 


(a) M -i L 3 T - 2 
(c) ML 2 T “ 3 


(d) M _i L 2 T “ 3 


16. The equation of state of a real gas can be expressed 


as 


P + 


a 

V 1 ) 


(V- b) = cT where P is the pressure, V 


the volume, T the absolute temperature and a , b and 
c arc constants. What are the dimensions of a? 


(a) M°L 3 T “ 2 
(c) M 0 L 3 T° 


(b) ML S T “ 2 
(d) ML _ 2 T 5 


17. The equation of state for n moles of an ideal gas is 

PV = nRT 

where R is the universal gas constant and P, V and 
Phave the usual meanings. What are the dimensions 
of R! 
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(a) M°LT“ 2 K 1 mol 1 

(b) ML 2 T“ 2 K. 1 mol 1 

(c) M° L 2 T 2 K 1 mol 1 

(d) ML -2 T“ 2 K _1 mol -1 

18. The SI unit of the universal gas constant R is 

(a) erg K 1 mol -1 (b) watt KT 1 mol -1 

(c) newton K 1 mol 1 (d) joule K 1 mol 1 

19. According to the quantum theory, the energy £ of a 
photon of frequency v is given by 

E = hv 

where h is Planck’s constant. What is the dimensional 
formula for hi 

(a) M L 2 T' 2 (b) M L 2 T” 1 

(c) M L 2 T (d) M L 2 T 2 

20. What is the SI unit of Planck’s constant? 

(a) watt second (b) watt per second 

(c) joule second (d) joule per second 

21. The dimensions of Planck's constant are the same as 
those of 

(a) energy (b) power 

(c) angular frequency (d) angular momentum 

22. Time period T of a simple pendulum may depend on 
m , the mass of the bob, /, the length of the string and 
g, the acceleration due to gravity, i.e. 

r ci jh c 

oc m l g 

What are the values of a , b and cl 


(a) 0 




(b) 0 ,-il 
2 2 





2 


23. The volume V of water passing any point of a uniform 
tube during t seconds is related to the cross-sectional 
area A of the tube and velocity u of water by the 
relation 

Voc A a u p t r 


which one of the following will be true? 

(a )a = p=y (b )a#p=y 

(c) a = fi *y (d) a* fi*Y 

24. Which one of the following relations is dimensionally 
consistent where /? is height to which a liquid of 
density p rises in a capillary tube of radius, r, T is the 
surface tension of the liquid, 9 the angle of contact 
and g the acceleration due to gravity? 


(a) h = 


2 T cos 6 
f PS 


(b) h = 


IT r 
pg cos 0 


(c) h = 


2pg cos 6 
IT r 


(d) h = 


PS 
cos 9 
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25. The frequency n of vibrations of uniform string of 
length / and stretched with a force F is given by 



where p is the number of segments of the vibrating 
string and m is a constant of the string. What are the 
dimensions of ml 

(b) M L' 3 T° 


(a) M L" 1 T 1 
(c) M L' 2 T° 


(d) M L' 1 T° 


26. When a wave traverses a medium, the displacement 
of a particle located at x at time t is given by 

y = a sin (ht - cx) 

where a , b and c are constants of the wave. The 
dimensions of b are the same as those of 
(a) wave velocity (b) amplitude 

(c) wavelength (d) wave frequency 

b 

27. In Q.26, the dimensions of — are the same as those 

of c 

(a) wave velocity (b) wavelength 

(c) wave amplitude (d) wave frequency 

28. The van der Waal equation for n moles of a real gas 
is 


( a ^ 
p+ - 


V J 


( V-b ) =nRT 


where P is the pressure, V is the volume, T is the 

absolute temperature, R is the molar gas constant and 

a , h are van der Waal constants. The dimensions of a 

are the same as those of 

(a) PV (b) PV 2 

(c) P 2 V (d) P/V 

29. In Q.28, the dimensions of b are the same as those of 

(a) P (b) V 

(c) PV (d) nRT 

30. In Q.28, the dimensions of nRT are the same as those 
of 

(a) energy (b) force 

(c) pressure (d) specific heat 

31. In Q. 28, the dimensional formula for ab is 


(a) ML 2 T' 2 
(c) ML 6 !" 2 


(b) ML 4 T 2 


(d) ML 8 T 2 

32. If velocity (V), acceleration (/l) and force (F) are 
taken as fundamental quantities instead of mass (M), 
length (L) and time (T), the dimensions of Young’s 
modulus would be 

(a) FA 2 V~ 2 (b) FA 2 V~ 3 

(c) FA 2 V 4 (d) FA 2 V s 


33. The dimensions of permittivity (£ 0 ) of vacuum arc 


(a) M' 1 L' 3 T 4 A 2 


(b) ML' 3 T 2 A 2 


(c) M' 1 L 3 T 4 A 2 (d) ML 3 T 2 A 2 

34. What are the dimensions of permeability (p 0 ) of 
vacuum? 

(a) MLT' 2 A 2 (b) MLT' 2 A' 2 

(c) ML' 1 T 2 A 2 (d) ML -1 T' 2 A 2 


35. The dimensions of l/^//i 0 £ 0 are the same as those of 

(a) velocity (b) acceleration 

(c) force (d) energy 

36. The dimensions of specific heat capacity are 


(a) MLT~ K~ 
(c) M°L 2 T' 2 K 1 


(b) ML 2 T' 2 K 
(d) M°LT” 2 K' 1 


1 


37. What are the dimensions of latent heat? 


(a) ML 2 T' 2 


(b) ML' 2 T' 2 
(d) M°L 2 T' 2 


(c) M° LT ' 2 

38. What are the dimensions of Boltzmann’s constant? 

(a) MLT' 2 K' 1 (b) ML 2 T ~ 2 K _l 

(c) M°LT ~ 2 K 1 (d) M°L 2 T' 2 K _1 

39. The dimensions of potential difference are 

(b) MLT' 2 A 1 


(a) ML 2 T' 3 A 1 
(c) ML 2 T' 2 A 


(d) MLT' 2 A 


40. What are the dimensions of electrical resistance? 

2 t -2 a 2 /l\ ut 2t-3 a-2 


(a) ML T A 
(c) ML 2 T' 3 A 2 


(b) ML T A 
(d) ML 2 T' 2 A' 2 


41. The dimensions of electric field are 


(a) MLT' 3 A ' 
(c) MLT' 1 A 1 


(b) MLT 2 A 1 
(d) MLT 0 A 1 


42. The dimensions of magnetic field are 

(a) ML 0 T' 1 A' 1 (b) M°L T' 1 A" 1 

(c) MLT' 2 A' 1 (d) ML°T' 2 A' 1 

43. What arc the dimensions of magnetic flux? 

(b) ML 2 T' 2 A' 2 
(d) ML 2 T' 2 A 2 


(a) ML 2 T' 2 A' 1 
(c) ML' 2 T~ 2 A 1 


44. The dimensions of self inductance are 

(b) ML 2 T' 2 A 2 
(d) ML' 2 T' 2 A 2 

45. The dimensions of capacitance are 


(a) ML 2 T 2 A ' 
(c) ML' 2 T' 2 A 1 


(a) M' 1 L' 2 TA 2 
(c) M' 1 L' 2 T 3 A 2 


(b) M' 1 L' 2 T 2 A 2 


(d) M' 1 L' 2 T 4 A 2 
46. If velocity (F), force (F) and energy (E) are taken 
as fundamental units, then dimensional formula for 
mass will be 

(a) V~ 2 F°E~ x (b) V°FE 2 

(c) VF~ 2 E° (d) F' 2 F°£ 


Copyrighted material 



Phvsics and Measurement 1.13 


47. Frequency (n) of a tuning fork depends upon length 
(!) of its prongs, density (p) and Young’s modulus (Y) 
of its material. Then frequency and Young’s modulus 
will be related as 

(a) n oc \fy 


(c) n 


1 


oc 


VF 


i 


(b) n oc Y 

(d) n oc — 

Y 


48. The dimensions of — £ 0 E~ (e 0 = permittivity of free 

space and E = electric field) arc 
(a) MLT 1 


(c) ML -1 T “ 2 


(b) ML 2 T “ 2 
(d) ML 2 T“' 


49. Of the following quantities, which one has dimensions 
different from the remaining three 

(a) Energy per unit volume 

(b) Force per unit area 

(c) Product of voltage and charge per unit volume 

(d) Angular momentum 

50. If the time period / of a drop of liquid of density d, 

radius /% vibrating under surface tension s is given by 

the formula t = y]d (J r h s c and if a = 1, c = - 1, then 
b is 

(a) 1 (b) 2 

(c) 3 (d) 4 

51. A pair of physical quantities having the same 
dimensional formula is 

(a) angular momentum and torque 

(b) torque and energy 

(c) entropy and power 

(d) power and angular momentum 

52. In the measurement of a physical quantity X = 

A 2 B , . , 

—rr :—The percentage errors introduced in the 
C , 3 D 3 

measurements of the quantities A, B , C and D are 2%, 
2%, 4% and 5% respectively. Then the minimum 
amount of percentage of error in the measurement 
of X is contributed by: 

(a) A (b) B 

(c) C (d) D 

53. Which of the following has the dimensions 
ML -1 T" 1 ? 

(a) Surface tension 

(b) Coefficient of viscosity 

(c) Bulk modulus 

(d) Angular momentum 

54. Pressure gradient dpldx is the rate of change of 
pressure with distance. What are the dimensions of 
dpldx] 


(a) ML 1 T~‘ 
(c) ML -1 T 2 


(b) ML 2 T 2 
(d) ML~ 2 T 


55. If £, M, J and G respectively denote energy, mass, 
angular momentum and gravitational constant, then 


EJ 2 

a/ 5 g 2 


has the dimensions of 


(a) length (b) angle 

(c) mass (d) time 

56. If e, £ 0 , h and c respectively represent electronic 
charge, permittivity of free space, Planck's constant 


and speed of light, then 


£ 0 hc 


has the dimensions of 


(a) current (b) pressure 

(c) angular momentum (d) angle 

57. If L, R , C and V respectively represent inductance, 
resistance, capacitance and potential difference, then 


the dimensions of 
(a) current 


(c) charge 


RCV 


are the same as those of 


(b) 


(d) 


1 


current 


charge 


58. If £ and B respectively represent electric field and 

E 

magnetic induction field, then the ratio — 
dimensions of ^ 


has the 


(a) displacement (b) velocity 

(c) acceleration (d) angle 

59. If C and V respectively represent the capacitance of 
a capacitor and the potential difference between its 
plates, then the dimensions of CP are 

(a) ML 2 T ‘ 2 (b) ML 3 !" 2 !" 1 

(c) ML 2 T _ 1 I _1 (d) M°L°T 0 

60. If h and e respectively represent Planck’s constant 

( h 

and electronic charge, then the dimensions ot — 
are the same as those of v e 

(a) magnetic field (b) electric field 

(c) magnetic flux (d) electric flux 

61. If energy E, velocity V and time T are chosen as 
the fundamental units, the dimensional formula for 
surface tension will be 

(a) E V 2 T “ 2 (b) E V - 1 T -2 


(c) EV 2 T 


2\ j -1-r -2 


(d) E V T 


62. The number of particles crossing a unit area 
perpendicular to the .v-axis in a unit time is given by 


/ 


n — — D 


n 2 ~ n \ 


\ x 2 ~ X \J 
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where /?, and n 2 are the number of particles per unit 
volume at x = x ] and .v = x 2 respectively and D is the 
diffusion constant. The dimensions of D arc 


(a) M°LT “ 2 
(c) M°LT 3 


(b) M°L 2 T 
(d) M°L 2 T~' 


63. A gas bubble from an explosion under water oscillates 
with a period proportional to P a d h E c where P is the 
static pressure, d is the density of water and E is the 
energy of explosion. Then a , b and c respectively are 


, , -5 1 1 

3 6 ’ 2 ’ 3 

1 “ 5 1 
b 2 ’ 6 ’ 3 

1 1 -5 

C 3 ’ 2 ’ 6 

(d) 1 , 1 , 1 

In a system of units 

in which the unit of mass is a 

kg, unit of length is b metre and the unit of time is c 
second, the magnitude of a calorie is 

, , 4.2c 
<a) ^ 


<0 abc 

4.2 



65. The error in the measurement of the radius of a 
sphere is 1%. The error in the measurement of the 
volume is 

(a) 1% (b) 3% 

(c) 5% (d) 8 % 

66 . If the error in the measurement of the volume of a 
sphere is 6 %, then the error in the measurement of 
its surface area will be 

(a) 2% (b) 3% 

(c) 4% (d) 7.5% 

67. A physical quantity X is represented by X= (M A L V T z ). 
The maximum percentage errors in the measurement 
of M, L and T respectively are a %, b% and c%. The 
maximum percentage error in the measurement of 
X will be 

(a) (ax + by - cz ) percent 

(b) (ax + by + cz) percent 

(c) (ax - by + cz) percent 

(d) (ax - by - cz) percent 

68 . The percentage errors in the measurements of the 
length of a simple pendulum and its time period are 
2% and 3% respectively. The maximum error in the 
value of the acceleration due to gravity obtained 
from these measurements is 

(a) 5% (b) 1% 

(c) 8 % (d) 10 % 


69. The moment of inertia of a body rotating about a 
given axis is 6.0 kg m" in the SI system. What is the 
value of the moment of inertia in a system of units in 
which the unit of length is 5 cm and the unit of mass 
is 10 g? 


(a) 2.4 x 10 


(c) 6.0 x 10 3 
70. A quantity X is given by e 0 L 


(b) 2.4 x 10 5 
(d) 6.0 x 10 5 
AV 


At 


where £ 0 is the 


permittivity of free space, L is a length, AV is a 
potential difference and At is a time interval. The 
dimensional formula for A" is the same as that of 
(a) resistance (b) charge 

(c) voltage (d) current 

71. The coefficient of viscosity (q) of a liquid by the 
method of How through a capillary tube is given by 
the formula 

n R 4 P 

n =- 

8 IQ 

where R = radius of the capillary tube, 

/ = length of the tube, 

P = pressure difference between its ends, 
and 

Q = volume of liquid flowing per second. 
Which quantity must be measured most accurately? 
(a) R (b) / 

(c) P (d) Q 

72. The mass m of the heaviest stone that can be moved 
by the water flowing in a river depends on v, the speed 
of water, density (cl) of water and the acceleration 
due to gravity (g). Then m is proportional to 

(a) v 2 (b) v 4 

(C) V 6 (d) u x 

73. The speed (y) of ripples depends upon their 
wavelength (A), density (p) and surface tension (a) 
of water. Then v is proportional to 

(a) VX (b) A 




(d) 


1 


VI 


74. The period of revolution (T) of a planet moving 
round the sun in a circular orbit depends upon the 
radius (r) of the orbit, mass (A/) of the sun and the 
gravitation constant (G). Then T is proportional to 


(a) r 
(c) r 


1/2 


3/2 


(b) r 

(d) r : 
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75. If energy (£), momentum (p) and force (F) are chosen 
as fundamental units, the dimensions of mass in the 
new system will be 

(a) E^p 2 F° (b) E'p “ 2 F° 

(c) E~'p 2 F~ 2 (d) E 2 p'F 2 

76. If the velocity of light (c), gravitational constant (G) 
and planck’s constant (/?) are chosen as fundamental 
units, the dimensions of time in the new system will 
be 

(a) c- 5/ W /2 (b) c V2 G - 2 h 2 

(c) c 2 G~ 2 h' 12 (d) c- 5,2 G V2 h U2 

77. The amplitude of a damped oscillator of mass m 
varies with time t as 

A = A u e ( - at/n,) 

The dimensions of a are 

(a) ML°T~' (b) M°LT _1 

(c) MLT" 1 (d) ML _1 T 

78. A student measures the value of g with the help of a 
simple pendulum using the formula 


4 k 2 L 



The errors in the measurements of L and T are A L 
and AT respectively. In which of the following cases 
is the error in the value of g the minimum? 

(a) A L = 0.5 cm, A T= 0.5 s 

(b) A L = 0.2 cm, AT = 0.2 s 

(c) AL = 0.1 cm, A T = 1.0 s 

(d) AL = 0.1 cm, AT = 0.1 s 

79. A student performs an experiment to determine the 
Young's modulus of a wire, exactly 2 m long, by 
Searle’s method. In a particular reading, the student 
measures the extension in the length of the wire to 
be 0.8 mm with an uncertainty of ± 0.05 mm at a 
load of exactly 1.0 kg. The student also measures the 
diameter of the wire to be 0.4 mm with a uncertainty 
of± 0.01 mm. Take g = 9.8 m/s 2 (exact). The Young’s 
modulus obtained from the reading is 

(a) (2.0 + 0.3) x 10" N/m 2 

(b) (2.0 ± 0.2) x 10" N/m 2 

(c) (2.0 ± 0.1) x 10" N/m 2 

(d) (2.0 ± 0.05) X 10 11 N/m 2 

80. In a vernier callipers, one main scale division is x 
cm and n divisions of the vernier scale coincide with 
(n - 1) divisions of the main scale. The least count 
(in cm) of the callipers is 


(a) („ )* 

(b) 

11X 

(« — 1) 

(C) - 

(d) 


n 


(n-1) 


j£ \ 

,‘7~4 Answers 


V' 

1 . (d) 2. (b) 

3. (c) 

4. (c) 

5. (a) 

6 . (b) 

7. (a) 

8 . (d) 

9. (c) 

10 . (c) 

11 . (d) 

12 . (a) 

13. (d) 

14. (b) 

15. (a) 

16. (b) 

17. (b) 

18. (d) 

19. (b) 

20 . (c) 

21 . (d) 

22 . (a) 

23. (b) 

24. (a) 

25. (d) 

26. (d) 

27. (a) 

28. (b) 

29. (b) 

30. (a) 

31. (d) 

32. (c) 

33. (a) 

34. (b) 

35. (a) 

36. (c) 

37. (d) 

38. (b) 

39. (a) 

40. (b) 

41. (a) 

42. (d) 

43. (a) 

44. (b) 

45. (d) 

46. (d) 

47. (a) 

48. (c) 

49. (d) 

50. (c) 

51. (b) 

52. (c) 

53. (b) 

54. (b) 

55. (b) 

56. (d) 

57. (b) 

58. (b) 

59. (a) 

60. (c) 

61. (c) 

62. (d) 

63. (a) 

64. (b) 

65. (b) 

66 . (c) 

67. (b) 

68 . (c) 

69. (b) 

70. (d) 

71. (a) 

72. (c) 

73. (d) 

74. (c) 

75. (a) 

76. (d) 

77. (a) 

78. (d) 

79. (b) 

80. (c) 

Solutions 




1. Choices (a), (b) and (c) are units of length. Choice 

(d) the radian is a unit of angle in a plane. 

2. Impulse = force x time 

dp 

— xdt 
dt 

= dp 

= change in momentum 
Hence the correct choice is (b). 

3. The dimensions of moment of inertia are ML T and 

9 _9 

of moment of force are ML" T . All other pairs in 
(a), (b) and (d) have identical dimensions. 

4. The viscous force acting on a spherical body of radius 
r moving with a speed v in a fluid of coefficient of 
viscosity is given by 

F 

F = 6k 11 r v or n = - 

6 k rv 
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Dimensions of 77 


dimension of F 


dimension of rx dimension of v 


MLT 


-2 


LxLT 


-1 


= ML 'T 1 


Hence the correct choice is (c). 

5. Surface tension = force/length = MLT 2 /L = ML°T 2 . 
Hence the correct choice is (a). 

6. From Newton’s law of gravitation, the force of 
attraction F between two bodies of masses m x and 
/?7 2 , separated by a distance r is given by 


watt 


(metre)" x(kelvin)" 


= W m~ 2 K 4 


Hence the correct choice is (d). 

9. The correct choice is (c). 

10. IJR is the time constant of an L-R circuit and CR is 
the time constant of a C-R circuit. The dimension of 
the time constant is the same as that of time. Hence 
the correct choice is (c). 

11. Entropy S is defined through the relation 


dS = 


dQ_ 

T 


or 


F = G 


m x m 2 




G = gravitational constant 



777, m 2 


where dS is the change in entropy, dO the change is 
heat energy and T is the absolute temperature. 

Dimensions of entropy 

dimensions of heat energy _ ML" T" 2 
dimensions of temperature K 


Unit ofG = 


unit of F x unit of r~ 
unit of m x m 2 


newton x (metre) 2 _ M 2 . -2 


(kg)' 


= N m kg 


Hence, the correct choice is (b). 

7. The coefficient of thermal conductivity is defined 
as the rate of flow of heat energy per unit area 
of cross-section per unit temperature gradient. 
The dimensions of rate of flow of heat are 


Ml- t 2 /T = ML z T \ The dimensions of area are 
U and the dimensions of temperature gradient arc 
= dimensions of temperature/dimension of length 
= KL '. Hence the dimensions of the coefficient of 
thermal conductivity are 

ML 2 T" 3 


2 t—3 


L 2 x KL" 1 


= MLT" 3 K' 1 


Thus, the correct choice is (a). 

8. From Stefan’s law, the total energy emitted per 
second by a unit area of a black body is proportional 
to the fourth power of its absolute temperature, i.e. 

E T 4 or E=oT 4 
where o is the stefan’s constant. Thus 

E 


(7 = 


r 


SI unit of <7 

SI unit of energy per second 
SI unit of area x (SI unit of temperature)' 


= ML 2 T" 2 K"‘ 

Hence, the correct choice is (d). 

_ 'y 

12. The dimensions of energy are ML" T ". The 
dimensions of pressure, momentum and power are 
ML 1 T 2 , MLT 1 and ML 2 T 3 respectively. Thus 
the correct choice is (a). 

13. ML T " arc the dimensions of force per unit area. 
Out of the four choices, stress is the only quantity 
that is force per unit area. Hence the correct choice 
is (d). 

14. The angular momentum L of a particle with respect 
to point whose position vector is r is given by 

L = r x p 

where p is the linear momentum of the moving 
particle. 

.*. Dimensions of L = dimension of r x dimensions 
of p = L x MLT ~ 1 = ML 2 T " 1 

Thus the correct choice is (b). 


15. 


Since G = 



777, m 2 


the dimensions of G arc 



dimensions of F x dimensions of r" 
dimensions of m x m 2 


MLT" 2 xL 2 
M 2 


= M 'L 3 T“ 2 


Thus, the correct choice is (a). 
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16. From the principle of homogeneity of dimensions, 


the dimensions of 


a 

V 2 


must be the same as those of 


P. Therefore dimensions of a = dimensions of P x 
dimensions of V 2 


= MLT 2 x (Ly = ML"' T z x L° = ML 3 T z . 
Thus, the correct choice is (b). 

PV 

17. Since R = — 7 , the dimensions of R are given by 


3\2 - -1 t-2 w i ui 5t-2 


w = 


nT 


dimensions of P x dimensions of V 
dimensions of n x dimensions of T 


ML~' T ~ 2 x L 3 
mol x K 


= ML 2 T 2 mol -1 K 


I 1 


Thus the correct choice is (b). 

PV 

18. Now R = — 77 . Since the product PV has the same 
nT 

units as those of work, namely, joule; the unit of R is 
unit of PV J _ 1 | 


unit of n x unit of T mol x K 


= JK“' mol" 1 . 


Hence, the correct choice is (d). 

dimension of E 


19. Dimensions of h — 


dimension of v 


ml 2 t ~ 2 
— 1 


= ML 2 T“‘ 


Thus, the correct choice is (b). 

^ rT • unit of £ joule . , 

20. Unit of h = - = - 77 - = joule second. 

unit of v (second) 

Thus, the correct choice is (c). 

21. The correct choice is (d). 

22. The dimensions of the two sides of proportionality 


are 


T = M“ L h (LT~ 2 ) c 


where LT “ are the dimensions of g. 

T = M" L* V T “ 2c = M" L* + c l~ 2c 

Equating the powers of dimensions on both sides, we 
have a = 0, b + c = 0 and - 2c = 1 

which give c =-, b = — and a = 0. 

2 2 

Thus, the correct chioce is (a). 

23. The dimensions of the two sides of proportionality 


are 


L 3 =L 2 "(Ur~ l ) /i T y =L 2 " +/, T ), ' /< 


Equating the powers of dimensions on both sides, we 
have 

2a+ p =3 

Y-P =° 

which give = yand a = — (3 - p ), i.e. a * ft = y. 

Thus, the correct choice is (b). 

24. Since cos Q is dimensionless, using the dimensions 
of T, r, p and g, it is easy to see that choice (a) is only 
one that is dimensionally consistent. The dimensions 
of /? are the same as those of Tlrpg. 

25. Squaring both sides of the given relation, we get 

2 P 2 F P 2 F 

n = — - • — or m = • 


4 1 2 m 


4 l 2 n 2 


dimensions of m 


dimensions of F 


1 r 

dimensions of / x dimensions of n 

(v p is a dimensionless number) 
- 2 


MET 


L 2 x (T -1 ) 2 


= ML 1 T° 


Hence, the correct choice is (d). 

26. Since the argument of a sine function (or any 
trigonometric function) must be dimensionless, bt 
and ex are dimensionless. Since bt is dimensionless, 
the dimensions of b = dimensions of 1// = T _1 , which 
are the dimensions of frequency. Hence, the correct 
choice is (d). 

27. Dimensions of bt= dimensions of cx, as they arc both 
dimensionless. 

b x L 

/. Dimensions of — = dimensions of — = — = LT l . 

c t T 

Hence, the correct choice is (a). 

28. From the principle of homogeneity, the dimensions 

of must be the same as those of P, i.e. dimensions 
V 2 

of —7- = dimensions of P 
V 2 

.*. dimensions of a = dimensions of PV . Hence, the 
correct choice is (b). 

29. The correct choice is (b). 

30. The dimensions of nRT = dimensions of PV 

= ML 1 T 2 x L 3 = ML 2 T “ 2 
which are the dimensions of energy. Hence, the 
correct choice is (a) 
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3 1. The dimensions of 


ah 


are the same as those of PV. 


• • • • 2 
Dimensions of ab = dimensions of (PV) x V = 

ML 2 T 2 xL 6 =ML 8 T 2 
Hence, the correct choice is (d). 

32. Dimensions of Young’s modulus Y are ML T . 
The dimension of V 9 A and F in terms of M, L and T 
are 

(V) = LT" 1 , (A) = LT " 2 
and (F) = MLT " 2 

Let (Y) = (V a A b F c ) 

Putting dimensions of Y f V } A and F. we have 

(ML " 1 T" 2 ) = (LT" l )‘ , x(LT" 2 ) i x(MLT" 2 ) c 

or M 1 L“ 1 T" 2 =M f L fl + * + c T“ a - 2 *- 2c 

Equating powers of M, L and T we have 

c- 1 9 a + b + c = - 1 
and - a - 2b - 2c = - 2 
which give a = - 4, b = 2 and c = 1. 

Thus (Y) = (FA 2 V~ 4 ) 

Thus, the correct choice is (c). 

33. According to Coulomb’s law of electrostatics, force 
F between two charges q x and q 2 a distance r apart 
in vacuum, is given by 

1 


or 


F = 


£n = 


4 n £ 0 r 2 
i w-i 


AkF r 2 


Dimensions of e 0 = 


Q 


MLT -2 x L 2 


= M " 1 L " 3 T 2 Q 2 = M"'L“ 3 T 4 A 2 


fv A = — 1 
V T 


The correct choice is (a). 

34. The force per unit length between two long wires 
carrying currents /, and I 2 a distance r apart in 
vacuum, is given by 

/- A-ii o, iKrf 


4 n r 


Dimensions of p 0 = 


hh 


L x MLT -2 x L " 1 


A 


= MLT" 2 A " 2 

Therefore, the correct choice is (b). 


35. Dimensions of 
1 


1 




o 


(MLT “ 2 A " 2 x M _ 1 L" 3 T 4 A 2 )2 
1 


(l _ 2 t 2 ) 


= LT " 1 


which are the dimensions of velocity. Hence the 
correct choice is (a). 

36. The heat energy content H of a body of mass m at 
temperature 6 is given by H = ms 6 where s is the 
specific heat. Therefore 

H 


s = 


mG 


Dimensions of s 

dimensions of heat energy 
dimension of mass x dimension of temperature 


ml 2 t ~ 2 

MxK 


= M°L 2 T " 2 K”' 


Thus, the correct choice is (c). 

37. Latent heat L is the amount of heat energy JI required 
to change the state of a unit mass without producing 
any change in temperature. Thus 


L - — 
m 


Dimensions of L = 


ml 2 t ~ 2 

M 


= L“T " 2 = M°L-T " 2 
Thus, the correct choice is (d). 

38. According to the law of equipartition of energy, 
the energy per degree of freedom of a gas atom or 
molecule at a temperature 0 kelvin is given by 

1 IF 
E= - kO or k= — 

2 G 

where k is the Boltzmann’s constant. 

dimensions of E 


Dimensions of A' = 


dimension of G 


ml 2 t ~ 2 

K 


= ML 2 T l 2 K"' 


39. The potential difference V between two points is the 
amount of work done in moving a unit charge from 
one point to the other. 
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Thus, V = 

/. Dimensions of V = 


work done 
charge moved 


ml 2 t -2 

0 


= ML' 




= ML 2 T" 3 A -1 ( v Q = AT) 
Hence, the correct choice is (a). 


40. From Ohm’s law, resistance R is given by 


^ _ potential difference 


Dimensions of R = 


current 
ML 2 T" 3 A _i 


= ML 2 T" 3 A " 2 


Thus, the correct choice is (b). 

41. Force F experienced by a charge q in an electric field 

E is given by ^ 

F = qE or E = — 

C I 

_ dimensions of F MLT 2 

Dimensions or E = —- - -=- 

dimensions of Q AT 

= MLT 3 A -1 . 

42. The force F, experienced by a charge q moving with 
speed v perpendicular to the direction of a uniform 
magnetic induction field B is given by 

F 

F = qvB or B = — 

qv 

1^1 LT—” 

Dimensions of B = - r = ML°T' 'Q 1 

0 x LT" 

= ML°T 2 A 1 (v Q = AT) 

Hence, the correct choice is (d). 

43. The magnetic flux 0 linked with a circuit of area A in 
a magnetic induction field B is given by 

0 = BA cos 0 

where 6 is the angle between the field and area 
vectors. 

Dimensions of 0 = dimensions of BA 

(y cos 9 is dimensionless) 
=ML°T 2 A 1 xL 2 =ML 2 T - 2 A -1 
Thus, the correct choice is (a). 

44. The self inductance L of a coil in which the current 

dl . . . 

vanes at a rate — is given by 

dt 



where e is the e.m.f. induced in the coil. Now, 
the dimensions of e.m.f. are the same as those of 
potential difference, namely, MLy T " A . 


Now, 


L 


e 

dl 

dt 


Dimensions of L 


dimensions of e 

dimensions of / / dimensions of t 


ml 2 t~ 3 a~‘ 

A/T 


= ML 2 T“ 2 A 2 


Thus, the correct choice is (b). 

45. When a capacitor of capacitance C is charged to a 
potential difference V, the charge O on the capacitor 
plates is given by 

Q=CV or C = — 

V 

dimensions of Q 

Dimensions of C = - 

dimensions of V 


AT 


ML 2 T“ 3 A~‘ 


= M-‘L - 2 


T 4 A 2 


Hence, the correct choice is (d). 

46. Let in V a F h E c 

[M'] = [LT ']" x [MLT 2 ]* x [ML 2 T“ 2 ] c 
Equating the powers of M, L and T and solving, we 
get a = - 2, b = 0 and c = 1. Hence, the dimensional 
formula of m = [V~~ F° E ] which is choice (d). 

47. Let//°c l a p h r 

Putting dimensions of all the quantities, we have 
(T -1 ) °c If (ML -3 )* (ML -1 T 2 ) c 
Equating powers of M, L and T on both sides, we get 
b + c = 0, a - 3b -c = 0 and - 2c = - 1 

which give a = - 1, b =-and c = — . Thus 

2 2 

n ce /-' p 1/2 r 1/2 

Hence, the correct choice is (a). 


48. We know that 


F = 


<7i <72 

( 47 re 0 )/- 2 


and E = 


F_ 

<7 



<i\ <h 
4 kF r 


Hence 



g |?2 . 
SkF r 2 q 2 


?i ?2 .. F 

8 nq 2 r 2 
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Dimensions of — £ n E = dimensions of Ar 


F_ 

2 


MLT 


-2 


= ML“ l T ~ 2 


Hence, the correct choice is (c). 

49. Energy per unit volume, force per unit area and 
product of voltage and charge density all have 
dimensions of ML"T but the dimensions of 
angular momentum arc ML 2 T \ Hence, the 
correct choice is (d). 

50. Given t = d a:1 r h 2 s ( 2 . Substituting dimensions, vvc 
have 

(T) = (ML 3 )" 3 (L) W2 (MT Y 2 

— + c)!2 m j^(-3a/2 - b/2) y c 

3 h 

Equating powers of L, we have, —a + — =0. Given 
a= 1. 2 2 

3 b . 

— H— =0 or b = 3, 

2 2 


55. Dimensions of J and G are ML 2 T 1 and M 'L 3 T 
respectively. The correct choice is (b). 

56. Dimensions of £ 0 and h are M 'L~ 3 T 4 A 2 and ML 2 T 
1 respectively. The correct choice is (d). 

57. RC has the dimensions of time ( T ). V has the 
dimensions of emf which has the dimensions of L 

—. The correct choice is (b). 
dt 

58. The force F on a particle of charge q moving with a 
velocity v in E and B fields is given by 

F = q (E + v x B) 

Hence the dimensions of E are the same as those of 
vB. The correct choice is (b). 

59. Energy stored in a capacitor of capacitance C having 
a potential difference Fbetween its plates is given by 

1 

U = — CV 2 
2 

Hence, the dimensions of CV 2 = dimensions of 
energy. Hence the correct choice is (a). 


which is choice (c). 

51. Both torque and energy have the dimensions of force 
x distance. Hence the correct choice is (b). 

A 2 B 

52. Given X= — 777 —- 

C 1 / 3 Z ) 3 


Taking logarithm of both sides, we have 

log X= 2 log A + log B - i log C - 3 log D 


Partially differentiating, we have 

Ax A A A B 1 AC A D 

— = 2-+-3- 

x A B 3 C D 


Percentage error in A = 
Percentage error in B = 
Percentage error in C = 


A A 

2 — =2x2% = 4% 
A 

A B 


= 2 % 


B 

I 

3 C 


1 


= - x 4% 
3 

= -% 

3 


Percentage error in D = 3 


— =3x5% = 15% 
D 


We find that the minimum percentage error is 
contributed by C. Hence the correct choice is (c). 

53. The correct choice is (b) 

54. The correct choice is (b) 


-j _| 

60. Dimensions of (—I = —1 = ML 2 T 2 A 1 

\e! AT 

Dimensions of B = MT “ 2 A 1 

Magnetic flux = B x area. The correct choice is (c). 

61. Let surface tension < 7 = E^V^TL Using the dimensions 
of a, E, Land T and equating powers of M, L and T, 
find the values o fa, h and c. The correct choice is (c). 

62. Dimensions of n (number of particles per unit area per 
unit time) = L 2 T '. Dimensions of /?, or n 2 (number 
of particles per unit volume) = L \ Dimensions of x, 
orx 2 = L. The correct choice is (d). 

63. The correct choice is (a). 

64. Let n , be the magnitude (i.e. numerical value) of 
a physical quantity when the fundamental units 
are (M,, L„ T,) and n 2 the magnitude of the same 
physical quantity when the fundamental units arc 
(M 2 , L 2 , T 2 ), then, it is obvious that 

n x (M'\ L\ T, z ) = n 2 (M 2 L 2 T 2 r ) (i) 

where x, y and z are the dimensions of the physical 
quantity in mass, length and time respectively. Now, 
we know that 1 calorie = 4.2 joule = 4.2 kg m 2 s 2 . 
Therefore, in the first system of units /?, = 4.2, x = 
1 ,y = 2 and z = - 2. Hence, in the second system of 
units in which M 2 = a kg, L 2 = b m and T 2 = c s, we 
have from (i) 


n 2 = 11 1 


f M l N 

X 

f L,> 

y 

( T, \ 

< ) 


\ ^2 ) 


V. T 2 > 
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= n 


f lkg ] 

X 

rinO 

y 


UkgJ 


[b mj 


ves. 


= 4.2 


4.2c 


rn 

1 a) 

2 


]_ 

b 


2 rr ~ 2 


\c 


— , which is choice (b). 


aZ> 


65. V— — /r/ . Taking logarithm of both sides, we have 
log V = log 4 + log k + 3 log r - log 3 


Differentiating, we get 

— =3 — = 3 x 1% = 3% 


66. ^-3^ 0r6% = 3^ 0r ^-2%. 


Now surface area .v = 4 Kr 1 or log s = log 4/r + 2 log r 

— = 2 — = 2 x 2% = 4%. 

.v r 

67. X = M' Z/ v T or log A' = x log A/ + ^ log L - z log 7\ 
Differentiating, we have 

A AT A M A L AT 

- = x - + y -z - 

X M ‘ L T 

The maximum error in X is (since all errors add up) 

A X AM A L AT 
- = x - + y - + z- 

•/ t nr* 




M 


= (xa +yb + zc)%. 

The correct choice is (b). 

68. T = 2n .1— org = 4x 2 

8 T 2 

or log g = log (4/r 2 ) + log 1-2 log T. The maximum 
error in g is 

A? A / AT 

= — + 2- = 2% + 2 x 3% = 8% 

g l T 

69. The dimensions of moment of inertia are (ML“). We 
have 

«i(«i) = n 2 (u 2 ) 
or « 1 (M 1 L^) = « 2 (M 2 L 2 2 ) 


«2 = 


~ n \ 


(M 2 V 2 ) 


[ M,) 


Im 2 J 

^2 > 


Given n x = 6.0, M, = 1 kg, L, = 1 m, M 2 = 10 g and 
L : = 5 cm. Therefore, 


n 2 ~ 6.0 x 


lkg 

10g 


lm 


\ 2 


) 


= 6.0 x 




1000 g 
10 g 


x 


5 cm 
100 cm 


\ 2 


) 


5 cm 


= 6.0 x 100 x (20) 2 = 2.4 x 10 5 

70. The capacitance of a parallel plate capacitor is given 
by C = E^Aid. Hence the dimensions of £ 0 L are the 
same as those of capacitance. 

.*. Dimension of e^L 

At 

dimension of C x dimensions of V 


time 


dimension of Q 


(v Q = CV) 


time 

Hence the correct choice is (d). 

71. The correct choice is (a). 

The maximum permissible error in /] is given by the 
relation 

A rj A A R A l A P A Q 
r i R l P Q 

It is clear that the error in the measurement of/? is 
magnified four times on account of the occurrence 
of R 4 in the formula. Hence the radius ( R ) of the 
capillary tube must be measured most accurately. 
Thus the quantity which is raised to the highest 
power needs the most accurate measurement. 

72. Take m °c v u d h g c and show that a = 6. 

73. Take v X p h o c and show that a = - — . 

2 

74. Take T r a M b G l and show that a = — . 

2 

75. Take M = E° p h F c and show that a = - 1, b = 2 and 
c = 0. 

76. The correct choice is (d). 

77. The exponent is a dimensionless number. Hence athn 
is dimensionless. Therefore, 

. . dimensionofm [M] 

Dimension of a= -= ~r~r =[M L T ] 

dimension of t L 1 J 

78. The proportionate error in the measurement of g is 

Ag A L „ AT 
— = — + 2 - 


g 


L 


Hence Ag will be minimum if A L and AT are 
minimum. Thus the correct choice is (d). 
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79 Y - FL - 4M * L 
Al nd 2 l 



where 

M = 1.0 kg (exact), g = 9.8 ms 2 (exact) 

L — 2 m (exact), / = 0.8 mm = 0.8 x 10 3 in 
A/ = ± 0.05 mm, d = 0.4 mm = 0.4 x 10 3 m 
Ad =±0.01 mm 

Substituting the values of M, g, L, d and / in Eq. (1) 
we get 

Y= 2.0 x 10" Nm 2 


From Eq. (1) the proportionate uncertainty in Y is 
given by 

AY AM Ag AZ, 2 Ad AI 

- = - + - 4- - 4- - 4- - 

Y M g L d l 

Since the values of M, g and L are exact, A M— 0, Ag 
= 0 and AL = 0. Hence 

AY 2Ad Al 2x0.01mm 0.05 mm 

- — - 4- — — - 4* - 

Y d / 0.4 mm 0.8 mm 


= 0.05 +0.0625 = 0.1125 

AT = 0.1125 x T = 0.1125 x 2.0 x 10 11 
= 0.225 x 10" Nm 2 

Since the value of Y is correct only up to the first 
decimal place, the value of AY must be rounded off 
to the first decimal place. Thus A Y= 0.2 x 10 n Nm 2 . 
Therefore, the result of the experiment is 

Y + AY= (2.0 ± 0.2) x 10" Nm" 2 

Hence the correct choice is (b). 

80. Vernier constant = value of 1 M.S.D - value of 1 
V.S.D. 

Now n V.S.D = (n - 1) M.S.D = (n - 1) x cm 
1 V.S.D = (—) x cm 

V.C. = x cm - (-—) x cm = — cm 
\ n I n 

Hence the correct choice is (c). 


■ 2 1 

SECTION 


Multiple Choice Questions Based on Passage 


Questions 1,2 and 3 are based on the following passage. 

Passage I 

In the study of physics, we often have to measure the 
physical quantities. The numerical value of a measured 
quantity can only be approximate as it depends upon the 
least count of the meaasuring instrument used. The number 
of significant figures in any measurement indicates the 
degree of precision of that measurement. The importance 
of significant figures lies in calculation. A mathematical 
calculation cannot increase the precision of a physical 
measurement. Therefore, the number of significant figures 
in the sum or product of a group of numbers cannot be 
greater than the number that has the least number of 
significant figures. A chain cannot be stronger than its 
weakest link. 

1. A bee of mass 0.000087 kg sits on a flower of mass 
0.0123 kg. What is the total mass supported by 
the stem of the flower upto appropriate significant 
figures? 

(a) 0.012387 kg (b) 0.01239 kg 

(c) 0.0124 kg (d) 0.012 kg 


2. The radius of a uniform wire is r = 0.021 cm. The 
value n is given to be 3.142. What is the area of 
cross-section of the wire up to appropriate significant 
figures. 

(a) 0.0014 cm 2 (b) 0.00139 cm 2 

(c) 0.001386 cm 2 (d) 0.0013856 cm 2 

3. A man run 100.5 m is 10.3 s. His average speed up 
to appropriate significant figures is 

(a) 9.76 ms" 1 (b) 9.757 ms" 1 

(a) 9.7573 ms' 1 (a) 9.8 ms' 1 

Solutions 

1. Total mass = 0.000087 + 0.0123 = 0.012387 kg. The 
mass of the bee is accurate up to sixth decimal place 
in kg, whereas the mass of the flower is accurate only 
upto the fourth decimal place. Hence the sum must 
be rounded off to the fourth decimal place. Therefore 
the correct choice is (c). 

2. A = nr 2 = 3.142 x (0.021 ) 2 = 0.00138562 cm 2 . 
Now, there are only two significant figures in 
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0.021 cm. Hence the result must be rounded off to 
two significant figure as A = 0.0014 cm 2 , which is 
chicc (a). 

100.5 m _ ____ 

3. Average speed = - — -9.7573 ms 

10.3s 


The distance has four significant figures but the time 
has only three. Hence the result must be rounded 
off to three significant figure to 9.76 ms Thus the 
correct choice is (a). 


3 

SECTION 


Assertion-Reason Type Questions 


In the following questions, Statement-1 (Assertion) is 
followed by Statement-2 (Reason). Each question has 
the following four options out of which only one choice 
is correct. 

(a) Statement-1 is true, Statement-2 is true and 

Statement-2 is the correct explanation for 

Statement-1. 

(b) Statement-1 is true, Statement-2 is true but 

Statement-2 is not the correct explanation for 

Statement-1. 

(c) Statement-1 is true, Statement-2 is false. 

(d) Statement-1 is false, Statement-2 is true. 

1. Statement-1 

The order of accuracy of measurement depends on 
the least count of the measuring instrument. 

Statement-2 

The smaller the least count the greater is the number 
of significant figures in the measured value. 

2. Statement-1 

The dimensional method cannot be used to abtain 
the dependence of the work done by a force F on the 
angle 0 between force F and displacement x. 


Statement-2 

All trignometric functions are dimensionless. 

3. Statement-1 

The mass of an object is 13.2 kg. In this measurement 
there are 3 significant figures. 

Statement-2 

The same mass when expressed in grams as 13200 g 
has five significant figures. 



Solutions 


1. The correct choice is (b). 

2. Work done is W = Fx cos 0 . Since cos 0 is 
dimensionless, the dependence of IT on 6 cannot be 
determined by the dimensional method. Hence the 
correct choice is (a) 

3. The correct choice is (c). The degree of accuracy 
(and hence the number of significant figures) of a 
measurement cannot be increased by changing the 
unit. 


4 

SECTION 


Previous Years' Questions from AIEEE, IIT-JEE, 
JEE (Main) and JEE (Advanced) 

(with Complete Solutions) 


1. The dimensions of —£ 0 E 2 (£ 0 = permittivity of free 

space and E = electric field) are 

(a) MLT 1 (b) ML 2 T~ 2 

(c) ML -1 T~ 2 (b) ML 2 T 1 12000] 


2. A quantity X is given by e 0 L - where is the £ 0 is 

At 

the permittivity of free space, L is the length, AT is 
a potential difference and is At a time interval. The 
dimensional formula for X is the same as that of 
(a) resistance (b) charge 

(c) voltage (d) current [2001] 
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3. The dimensions of-, where the symbols have 

their usual meaning are 

(a) [L 'T] (b) [L 2 T 2 ] 

(c) [L 2 T 2 ] (d) [LT '] [2003] 

4. The physical quantities not having the same 
dimensions are 


(a) torque and work 

(b) momentum and Planck’s constant 


- 1/2 


(c) stress and Young's modulus 

(d) speed and (fi 0 € 0 ) 

5. In the expression 


1 20031 


P = 


r a 2 ^ 


P 


-aZ / kO 


P is pressure, Z is distance, k is Boltzmann constant 
and 0 is the temperature. The dimensional formula 
for (3 is 


(a) [M L 3 T “] 


(c) [M L T- 1 ] 


(b) [M L 2 T" 2 ] 
(d)[M°L 2 T“‘] 12004] 


6 . Which of the following denotes the dimensions 
ML 2 /Q 2 , where Q denotes the electric charge? 

(a) H/m 2 (b) Weber (Wb) 

(c) Wb/m 2 (d) Henry(H) [2006] 

7. A student measure the value of g with the help of a 
simple pendulum susing the formula 


4 k 2 L 



The errors in the measurements of L and T are A L 
and AT respectively. In which of the following cases 
is the error in the value of g the minimum? 


(a) A L = 0.5 cm, AT = 0.5 s 


(b) A L = 0.2 cm, AT = 0.2 s 


(c) AL = 0.1 cm, AT = 1.0 s 

(d) AL = 0.1 cm, AT = 0.1 s [2006] 

8 . A student performs an experiment to determine the 
Young’s modulus of a wire, exactly 2 m long, by 
Searle's method. In a particular reading, the student 
measures the extension in the length of the wire to 
be 0.8 mm with an uncertainty of ± 0.05 mm at a 
load of exactly 1.0 kg. The student also measures the 
diameter of the wire to be 0.4 mm with a uncertainty 
of ±0.01 mm. Take g = 9.8 m/s 2 (exact). The Young’s 
modulus obtained from the reading is 

(a) (2.0 ±0.3) x 10“ N/m 2 

(b) (2.0 ±0.2) x 10“ N/m 2 

(c) (2.0 ±0.1) x 10“ N/m 2 

(d) (2.0 ±0.05) x 10“ N/m 2 [2007] 


9. 


In a vernier callipers, one main scale division is x 
cm and n divisions of the vernier scale coincide with 
(n - 1) divisions of the main scale. The least count 
(in cm) of the callipers is 

f n-W nx 


(a) l * r 

X 

(b) 

(n -1) 

X 


(c) - 
n 

(d) 

(«-l) 

1 20071 


10. Students I, II and III perform an experiment for 
measuring the acceleration due to gravity (g) using a 
simple pendulum. They use different lengths of the 
pendulum and/ or record time for different number of 
oscillations. The observations arc shown in the table. 


Least count for length = 0.1 cm 
Least count for time = 0.1 s 


Student 

Length of the 
pendulum 
(cm) 

Number of 
oscillations 

(n) 

Total time for 
(n) oscillations 

(s) 

Time 

period 

(s) 

I 

64.0 

8 

128.0 

16.0 

II 

64.0 

4 

64.0 

16.0 

III 

20.0 

4 

36.0 

6.0 


If £,,£ n and E m are the percentage arrors in g. i.e. 


Ag 

— x 100 

l g ) 


for student I, II and III, respectively, 


(a) E|=0 (b) E j is minimum 

(c) = E u (b) E u is minimum 

120081 

11. Two full turns of the circular scale of screw gauge 
cover a distance of 1 mm on its main scale. The 
total number of divisions on the circular scale is 50. 
Further, it is found that the screw gauge has a zero 
error of-0.03 mm. While measuring the diameter of 
a thin wire, a student notes the main scale reading of 
3 mm and the number of circular scale divisions in 
line with the main scale as 35. The diameter of the 
wire is 


(a) 3.38 mm (b) 3.32 mm 

(c) 3.73 mm (d) 3.67mm [2008| 

12. A body of mass m = 3.513 kg is moving along the 
.v-axis with a speed of 5.00 ms l . The magnitude of 
its momentum is recorded as 

(a) 17.56 kg ms 1 (b) 17.57 kg ms" 1 

(c) 17.6 kg ms 1 (d) 17.565 kg ms 1 

120081 

13. The dimension of magnetic field in M, L, T and C 
(Coulomb) is given as 

(a) MT“ C“ (b) MT 2 Cr' 

(c)MLT'Cr 1 (d) MT~ 2 Cr 2 [2008| 


Copyrighted material 




Physics and Measurement 1.25 


14. In an experiment, the angles are required to be 
measured using an instrument. 29 divisions of the 
main scale exactly coincide with the 30 divisions of 
the vernier scale. If the smallest division of the main 
scale is half-a-degree (= 0.5°), then the least count of 
the instrument is : 

(a) one degree (b) half degree 

(c) one minute (d) half minute [2009] 

15. The respective number of significant figures for the 
numbers 23.023, 0.0003 and 2.1 x 10 -3 are 

(a) 5, 1,2 (b) 5, 1,5 

(c) 5,5,2 (d) 4,4,2 [2010] 

16. A Vernier calipers has 1 mm marks on the main scale. 
It has 20 equal divisions on the Vernier scale which 
match with 16 main scale divisions. For this Vernier 
calipers, the least count is 

(a) 0.02 mm (b) 0.05 mm 

(c) 0.1 mm (d) 0.2 mm [2010] 

17. A screw gauge gives the following reading when 
used to measure the diameter of a wire. Main scale 
reading : 0 mm 

Circular scale reading : 52 divisions 
Given that 1 mm on main scale corresponds to 100 
divisions of the circular scale. The diameter of wire 
from the above data is: 


(a) 0.052 cm (b) 0.026 cm 

(c) 0.005 cm (d) 0.52 cm [2011] 

18. The density of a solid ball is to be determined in an 
experiment. The diameter of the ball is measured 
with a screw gauge, whose pitch is 0. 5 mm and there 
arc 50 divisions on the circular scale. The reading on 
the main scale is 20 divisions. If the measured mass 
of the ball has a relative error of 2%, the relative 
percentage error in the density is 

(a) 0.9% (b) 2.4% 

(c) 3.1% (d) 4.2% [2011] 


19. In the determination of Young's modulus 


Y = 


4 MLg 
7Tf.d 2 


by using Searle’s method, a wire of 


length L = 2 m and diameter d- 0.5 mm is used. For 


a load M = 2.5 kg, an extension t = 0.25 mm in the 


length of the wire is observed. Quantities c/and £ are 
measured using a screw gauge and a micrometer, 
respectively. They have same pitch of 0.5 mm. The 
number of divisions on their circular scale is 100. 
The contributions to the maximum probable error of 
the Y measurement 


(a) due to errors in the measurement of d and f. are 
the same. 

(b) due to ciTors in the measurement of d is twice 
that due to the error in the measurement of i. 

(c) due to errors in the measurement of £ is twice 
that due to the error in the measurement of d. 

(d) due to the error in the measurement of d is four 

times that due to the error in the measurement 
of £. [2012] 

20. The diameter of a cylinder is measured using a 

Vernier callipers with no zero error. It is found that 
the zero of the Vernier scale lies between 5.10 cm 
and 5.15 cm of the main scale. The Vernier scale has 
50 divisions equivalent to 2.45 cm. The 24th division 
of the Vernier scale exactly coincides with one of the 
main scale divisions. The diameter of the cylinder is: 
(a) 5.112 cm (b) 5.124 cm 

(c) 5.136 cm (d) 5. 148 cm [2013] 

21. The physical quantities not having the same 
dimensions are 

(a) torque and work 

(b) momentum and Planck’s constant 

(c) pressure and Young’s modulus 

(d) speed and (/J 0 e Q )~ l12 [2014] 

22. A student is performing an experiment using a 
resonance column and a tuning fork of frequency 
244 s '. He is told that the air in the tube has been 
replaced by another gas (assume that the column 
remains filled with the gas). If the minimum height 
at which resonance occurs is (0.350 ± 0.005)m, the 
gas in the tube is 

(Useful information: y]\61 RT = 640 J 1 2 mole 12 ; 
yJ\40RT = 590 J 1 2 mole 12 . The molar masses M 


in grams are given in the options. Take the values of 


10 


V M 


for each gas as given there.) 


(a) Neon 


M =20, J— = — 
20 10 


(b) Nitrogen 


M =28, J— = — 
28 5 


(c) Oxygen 


(d) Argon 


( 


M =32,J— = — 
32 16 

M =36, J— = —' 
36 32 j 


J 


120141 
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ZM 

C4-& Answers 


V' 

1. (C) 2. (d) 

3- (c) 

4. (b) 

5. (a) 

6. (d) 

7- (d) 

8. (b) 

9. (c) 

10. (b) 

11. (a) 

12. (c) 

13. (a) 

14. (c) 

15. (a) 

16. (d) 

17. (a) 

18. (c) 

19. (a) 

20. (b) 

21. (b) 22. (d) 

Solutions 




v-' 


1. We know that 


F = 


c !\ ( /i 


(4 ne 0 )r 
_ <i\ <h 

£ Q- f r 2 


F 

j and E = ~ 


Ilcncc 


1 F 2 __Mi_ 

2 0 8 nFr 2 


X 


1 


8 nq~ r" 


Dimensions of E = dimensions of 


F 

~2 


MET 


-2 


= ML-'T -2 


r- L 

2. The capacitance of a parallel plate capacitor is given 
by C = EqA/cJ. Hence the dimensions of €qL are the 
same as those of capacitance. 

AV 


Dimension of £ 0 L 


At 


dimension of C* dimensions of V 


time 


dimension of Q 
time 

dimension of current 


(v Q= CV) 


3. The velocity of an electromagnetic wave is 

1 

v = 




Vo £ o 


= y 2 = [LT''] 2 = [L 2 T 2 ] 


4. Momentum = mu = [MLT 1 ] 

_ E_ _ [ML 2 T~ 2 ] 


Planck’s constant h = 


.-i 


[ML 2 T 1 ] 


5. The exponent aZfkO is dimensionless. Hence 

[<*] = 

L ^ 

= J m 1 
= [M L T -2 ] 


■*e" 


JK _I x K 

. z _ 


m 


a; 


Dimensions of —- are the same as those of P. 
Hence 


m = 


a 


[M LT~ 2 ] 2 
[ML"‘r 2 ] 


= [M L 3 T“ 2 ] 

6. The energy stored in an inductor is given by 

u= l -LI 2 


or 


L = 


2U 


Dimensions of inductance 

dimension of energy 


(L) = 


dimensions of (current) 
ML 2 T -2 ML 2 T -2 


I 2 

= ML 2 Q' 2 


(QT- 1 ) 2 


T 


All other choices have dimensions different from 
ML 2 Q 2 . 

7. The proportionate error in the measurement of g is 
A g A L A T 

g ~ t +2 t 

Hence A g will be minimum if A L and AT are 
minimum. Thus the correct choice is (d). 

FL 


8. Y = 


4MgL 

Jid 2 l 


( 1 ) 


A! 

Where 

M - 1.0 kg (exact), g = 9.8 ms " (exact) 

L = 2 m (exact), / = 0.8 mm = 0.8 x 10 m 
A/ = ±0.05 mm, d= 0.4 mm = 0.4 x 10 'm 
Ac/ = ±0.01 mm 

Substituting the values of M, g , L , d and / in Eq. (1) 
we get 

y=2.0 xio" Nm' 2 

From Eq. (1) the proportionate uncertainty in Y is 
given by 

A AM Ag AL 2Ad A l 

— =-+ — + — +-+ — 

Y M g L d l 

Since the values of M, g and L are exact, AM= 0, A g 
= 0 and A L = 0. Hence 


Copyrighted material 





Phvsics and Measurement 1.27 


AY 


2 Ad A/ 

-+ — 

d l 


2x0.01 mm 0.05 mm 

-+- 


Y d / 0.4 mm 0.8 mm 

= 0.05 + 0.0625 
= 0. 1125 

AY =0.1125 x Y= 0.1125 *2.0 *10 n 
= 0.225 x 10" Nm“ 2 

Since the value of Y is correct only up to the first 
decimal place, the value of AY must be rounded off 
to the first decimal place. Thus AY= 0.2 x 10 n Nm 2 . 
Therefore, the result of the experiment is 
Y+ AY= (2.0 ± 0.2) x 10 11 NM 2 
9. Vernier constant = value of 1 M.S.D - value of I 
V.S.D. 

Now n V.S.D = (n - 1) M.S.D = (n - 1) x cm 

/ n -1 


1 V.S.D = 


x cm 


V n 


10. T=2n 



x cm = — cm 
n 


Ag 

g 


Therefore, 


At 2AT 
+- 


/ 


Ag 


For student I, £, = - J —100 = 


0.1 2x0.1 


+ 


g 

= T~6 % 


64.0 128.0 


x 100 


For student 11, 


£|i = 


0.1 2x0.1 

+ 


64 


64 


x 100 


= ±i% 

32 


For student III, E ul = 


0.1 2 x 0.1 


20.0 


+ 


36 


x 100 




18 

Thus, the precentage error is minimum for student 1. 

1 mm 

11. Piteh of screw = —:— = 0.5 mm 


Least count = 


2 

0.5 mm 
50 


= 0.01 mm 


Measured diameter = 3 mm + 35 x 0.01 mm 

= ( 3 + 0.35) mm = 3.35 mm 

Corrected diameter = measured diameter - zero error 

= 3.35-(-0.03) = 3.38 mm 

12. Momentum p = m x v = 3.513 x 5.00 = 17.565 kg 
ms \ The total number of significant figures in the 
result of multiplication or division is equal to the 


number of signficiant figures in the least accurate 
quantity. The velocity v has the least number of 
significant figures (equal to three). Hence, the result 
must be rounded off up to three significant figures as 
p = 17.6 kg ms 

13. F — qv B sin 0. Therefore, dimensions of B are 


dimension of F 


[*]= ^ 


M LT 


-2 


= [MT C ) 


dimension of qv CL T _l 

14. Value of 1 main scale division = 0.5° 

30 vernier scale divisions = 29 main scale divisions 
= 29 x 0.5° 29 

.*. Value of 1 vernier scale division = — x 0.5° 

Least count = value of 1 m.s.d - value of 1 v.s.d. 

29 0.5° 0.5 , _ . 

= 0.5°- x 0.5° = —— = — x 6° mm = 1 min 

30 30 30 

15. 23.023 has 5 significant figures (s.f.), 0.0003 = 3 x 
10 4 has 1 s.f. and 2.1 x 10 3 has 2 s.f. 

16. Least count = 1 M.S.D. - 1 V.S.D. 

16 

= 1 M.S.D.-M.S.D. 

20 

= — M.S.D. 

20 


— x 1 mm = 0.2 mm, 
20 


which is choice (d). 

1 7. Least count (L.C.) = 


1 mm 
100 


= 0.01mm = 0.001 cm 


Diameter of wire = main scale reading + (circular 
scale reading) x L.C. 

= 0 + 52 x 0.001 


= 0.052 cm 

1 8. Least count of screw gauge 


pitch 


number of divisions on circular scale 
0.5 mm 


50 


= 0.01 mm 


.*. diameter of ball = 2.5 mm + 20 x 0.01 mm = 2.7 mm 

M 


Density p= 4/r 3 


Maximum relative error in p is 
A p AM + 3Ar 


M 


r 


0.01 

= 2% + 3 x —— xlOO 
2.7 

= 2% + 1.1% = 3.1% 
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19. Least count = 


AY 


0.5 mm 
100 


= 0.005 mm 


Y 
A t 


At 2 Ad 

- 1 - 

t d 

0.005 mm 

0.25 mm 


= 0.02 


2Ad 2 x 0.005 mm 


= 0.02 


d 0.5 mm 

So, the correct choice is (a). 

20. Least count = value of 1 MSD - value of VSD 

2 45 

= 0.05 cm-cm 

50 

= 0.05 -0.049 = 0.001 cm 
Diameter = 5.10 cm + 24 x 0.001 cm 
= 5.10 cm + 0.024 cm 


= 5.124 cm 


21. Momentum = mv = [M L T ’] 


Planck's constant h = — 

v 


ml 2 t 2 2 . 

[T - ] 1 J 


22. Speed of sound v = J p or a c j osec j pipe, A 

M 


= 4 L (fundamental mode). Also v = vA. Thus 

v = v x 4L 


yRT 


M 


= v x 4 L 


T = I yRT 
4v V M 


( 1 ) 


For Neon: M = 20 x 10 'kg. Neon in monatomic gas 
for which y= 1.67. Substituting the given values in 
(1), we have 


10 


[since Jl67 RT = 640 J 1 mol 12 and .1— = /—=— 

V x/ 20 V 2 10 


1 . - 


1 


1.67 RT 


4x244 V2xl0" 2 


1 


\61RT 


4x244 

1 

4x244 


x 640 x Jq= 0.459 m 


Similarly, for nitrogen y— 1.4, L = 0.363 m, for 
oxygen y = 1.4, A= 0.340 m and for argon (y = 1.67), 
L = 0.348 m. It is given that L = (0.350 ± 0.005)m. 
Since the error in L is ± 0.005, the third digit (after 
the decimal point) in the value of L must be either 
zero or 5. Hence L = 0.348 m must be rounded off as 
L = 0.350 m. So the correct choice is (d). 
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KINEMATICS 


Chapter 


REVIEW OF BASIC CONCEPTS 



1. Scalar and Vector Quantities 

A scalar quantity has only magnitude but no direction, such 
as distance, speed, mass, area, volume, time, work, energy, 
power, temperature, specific heat, charge, potential, etc. 

A vector quantity has both magnitude and direction, such 
as displacement, velocity, acceleration, force, momentum, 
torque, electric field, magnetic field, etc. 

2. Parallelogram Law of Vector Addition 

The procedure of finding the resultant of two vectors is 
known as the parallelogram law of vector addition and 
may be stated as follows. 

If the two vectors are represented in magnitude and 
direction by the two adjacent sides of a parallelogram 
drawn from a point, then their resultant is represented 
in magnitude and direction by the diagonal of the 
parallelogram passing through that point. 

Figure 2.1 show two vectors A and B of magnitudes 
A and B inclined at an angle a. The magnitude R of the 
resultant vector R is given by 

R = sJa 2 + B 2 +2ABcosa 

The angle which the resultant vector R subtends with 
vector A is given by 

n B sin a . n #sina 

tan p= - or sin b = - 

A + Bcosa R 

In vector notation, the resultant vector is written as R = 
A + B. 


5 R 



Fig. 2.1 

Special Cases 

(i) When the two vectors are in the same direction , i.e. 

a = 0°, then R = yj A 2 + B 2 + 2 AB cos0° = A + B. 
Therefore, the magnitude of the resultant is equal to 
the sum of the magnitudes of the two vectors. Also 
tan p = 0 or p = 0, i.e. the direction of the resultant 
is the same as that of either vector. 

(ii) When the two vectors are in opposite directions , 

i.e., a = 180°, then R = ^A 2 + B 2 +2 AB cos 180° = 
A - B. Also fi = 0 

(iii) When the two vectors are at right angles to each 
other , i.e. a = 90°, then 

R = V A 2 +B 2 +2/tflcos90° =^A 2 + B 2 .Alsotan 



Note: R m „ = A+B and R mia = A - B 
© EXAMPLE 1 The following pairs of forces act on a 
particle at an angle 0 which can have any value 

(a) 2 N and 3 N (b) 3 N and 3 N 

(c) 2 N and 6 N and (d) 3 N and 8 N 

The resultant of which pair cannot have a magnitude of 
4 N? 
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© SOLUTION 

For pair (a) : 

R min = A-B = 3-2=1 N 
and R max =A+B=3+2 

For pair (b) : 

R m,n = tfmax = 6 N 

For pair (c) : 

* min = 4 N, R m . M = 8 N 

For pair (d) : 

* min = 5 N, R max = 11 N 


Hence the correct answer is (d). 


(Q EXAMPLE 2 The magnitude of the resultant of two 
vectors of the same magnitude is equal to the magnitude 
of either vector. Find the angle between the two vectors. 



SOLUTION Given A = B and R=AorB. 

R= yj A 2 + B 2 + 2 AB cos 0 

A = yj A~ + A 2 + 2 A 2 cos0 = yj 2 A 2 (1 + cos0) 

A 2 = 2A 2 (l + cos 0) => cos 0=-- => 0=120° 

2 


3. Triangle Law of Vector Addition 

The parallelogram law of vector addition yields the triangle 
law of vector addition. In Fig. 2.1, vector QP = vector OS 
= B. In triangle OQP, vector OP= R. Hence, the triangle 
law of vector addition may be stated as follows: 

If the two vectors are represented in magnitude and 
direction by the two sides of a triangle taken in the same 
order, then their resultant is represented in magnitude 
and direction by the third side of the triangle taken in the 
opposite order 


4. Subtraction of Vectors 

Suppose we wish to subtraet a veetor B from a veetor A. 
Since 

A - B = A + (- B ) 

the subtraction of vector B from vector A is equivalent to 
the addition of vector-B to veetor A. Hence the procedure 
to find (A - B) is as follows: 


k 4 1 



/ 

/ 

B 

A / 

/ 

-B 

-B 

/ 

/ 

V 




c\ 


(a) (b) (c) 

Fig. 2.2 

Choose a convenient scale and draw the vectors A and B 
as shown in Fig. 2.2 (a). If B is to be subtracted from A, 
draw the vector negative of B, i.e. draw the veetor - B [see 
Fig. 2.2 (b)]. Now shift the vector - B parallel to itself so 
that the tail of - B is at the head of A. Vector C is the sum 
of vectors A and - B, i.e. [see Fig. 2.2 (c)] 

C = A +(- B) = A - B 


5. The Unit Vector 

A vector whose magnitude is unity is called a unit vector. 
A unit vector is represented by A where 



A 


The unit vectors along x, y and z axes of a rectangular 
co-ordinate system are represented by i , j and k 
respectively. 

6. Resolution of a Vector into Rectangular 
Components 

Consider a vector A in the x-y plane making an angle 0 
with the x-axis. The .v and y components of A arc A v and 
A r The magnitudes of A v and A v are (Fig. 2.3) 



A x = A eos 0, along ^-direction 

and 

A v = A sin 0, along ^-direction 

Thus 

A v = A x i = (A cos 0) i 

and 

A y = A j = (A sin 0) j 



From parallelogram law 

A = A v + \ y = (A cos 0) i + (A sin 0) j 

The magnitude of A in terms of the magnitudes of its 
rectangular components is 

A = V A\ + A] 


Ay 

Also tan 0 = —^ 

A x 


EXAMPLE 3 Resolve A into x and y components. 
The magnitude of A is 4 units. 


y 



Fig. 2.4 



(b) 
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SOLUTION 




Fig. 2.5 


In Fig. 2.5(a): A v = - A cos 60° = - 4 x — = 


= - 2 units 


A v = + A sin 60° = + 4x — 
y 2 


= + 2 yj~3 units 

In Fig. 2.5(b): A = + A cos 30° = + 4 x 


= 2V3 


units 


A,, = - A sin 30° = - 4 x — = - 2 units 


The magnitude of a component along + x 
direction or + y direction is taken to be positive 
Note w bile the magnitude of a component along ,v 
direction or -y direction is taken to be negative. 


7. Addition of Vectors Using Components 

Two or more vectors arc added by using components as 
follows: 

(a) Resolve each vector into its rectangular components. 

(b) Add the magnitudes of all the A-components taking 
into account their signs. 

R x = sum of ^-components of all the vectors 

(c) Similarly R v = sum of ^-components of all the vectors 

(d) Magnitude of resultant is 

R= V R\ + R) 

(e) The angle 9 which the resultant subtends with the 
a- ax is is given by 

a R y 

tan 0 = ~—~ 

K x 

© EXAMPLE 4 Find the resultant of two vectors A = 
4 units and B = 3 units shown in Fig. 2.6 by using 

(a) parallelogram law and 

(b) components method. 


y 



(a) Angle between the two vectors is (Fig. 2.7) 

9= 90° 



Fig. 2.7 


R B 

sin(18O°-0) since 

B s'm9 3 x sin 90° 3 

=> sin a = -=-= - 

R 5 5 


(3\ 

a = sin - => a - 37° 

V5 


(b) The and y components of A and B are [see Fig. 2.8] 

y 

A 

1 

1 

1 



Fig. 2.8 
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and 


A x = A cos 30° = 4 x 


V3 


= 2yJH units along + x direction 


A v = A sin 30° = 4x — 

2 

= 2 units along + y direction 

and B=-B cos 60° = - 3 x - 

2 


= - 3/2 units along - a* direction 


V3 


B.. = B sin 60° = 3 x 

> 2 

direction 


units along + y 


R X =A X + B x = (2-y/3 — 3/2) along + a 
direction 


R y = A y +B y = 2 + — yflj along +y direction 


it 1 - «; + --j f + 


' 2 iJ± 


= 25 


R = 5 units 


The angle subtended by the resultant with the .v-axis 
is given by 


tan a = 


R y 


2 + 


3^3 


\ 


(2V3-| 


3 ) 


4.6 
1.96 


= 2.347 


giving a - 67° above the A-axis. Therefore, the angle 
which the resultant subtends with A is 67° - 30° 
= 37°. 








The components method is more useful if more 
than two vectors have to be added. 






8. Scalar or Dot Product 

The scalar (or dot) product of two vectors A and B is 
defined as the product of the magnitudes of A and B and 
the cosine of the angle between them, i.e. 

A • B = AB cos 6 

The scalar product is represented by putting a dot 
between the two vectors. The scalar product of two vectors 
is a scalar quantity. 


Properties of the Scalar Product 

(i) The scalar product is commutative, i.e. A • B = 

B A 

(ii) A‘A = A 2 orA= yjA-A . This is true because in this 
case 9 = 0°. 

(iii) If two vectors A and B arc perpendicular to each 
other, then 6 = 90° and A • B = AB cos 90° = 0. Note 
that A • B can be zero when neither A nor B is zero. 

A A A 

(iv) For unit vectors i , j and k along the three field 
axes a, y and z, we have 

A A A A A A 

i i=j j = k k=1 

A A A A A A 

and i j=j k = k i=0 

(v) A * B = (A x i +A y j +A z k).(B x \ +B y ] +B Z k) 
= A x B x + A y B y + A, B : 

Some Examples of Scalar Product 

(i) Work done is W = F • s where F is the force vector 
and s is the displacement vector. 

(ii) Power consumed is P — F * v where F is the force 
vector and v is the velocity vector. 

(iii) Electric current is / = J - A where J is the current 
density vector and A is the area vector. 

(iv) Magnetic flux is 0 = B • A where B is the magnetic 
field vector and A is the area vector. 

9. Vector or Cross Product 

If the smaller angle between two vectors A and B is ft then 
the vector or cross product of vectors A and B is defined as 

A x B = (AB sin 6) n 

where A and B are the magnitudes of vectors A and B and 
n is a unit vector perpendicular to the plane containing A 
and B. The vector product of two vectors A and B is equal 
to a vector C, i.e. 

Ax B = C 

The magnitude of vector C is given by 

C = AB sin 0 

The direction of C is perpendicular to the plane formed 
by A and B and is given by the right hand screw rule. 

Properties of a Vector Product 

(i) Vector product is anticommutative, i.e. (A x B) = 
-(Bx A) 

(ii) A x A = 0, i.e. the vector product of a vector by itself 
is zero. This is because, in this case, 0= 0, and hence 
sin 9=0. 

Therefore A x A = AA sin 9=0 

Hence, the condition for two vectors to be parallel 
(9= 0°) or antiparallel (0=180°) is that their vector 
product should be zero. 
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If A x B = 0, it means either (i) A is zero or, (ii) B = 
0 or (iii) the angle 6 between them is 0° or 180°. 

(iii) The distributive law holds for both scalar and vector 
products, i.e. 

A • (B + C)= A B + A C 
A x (B + C) = AxB + AxC 

(iv) (AA) x B = A x (AB) = A(A x B); A a real number. 

(v) |A x B| 2 = |A| 2 !B| 2 - (A ■ B) 2 . 

A A A 

(vi) i , j and k are the three mutually perpendicular unit 
vectors at the origin () and along OX, OY and OZ 
respectively; the right-hand rule gives: 


/V A A 


i x j =_ j X i = k, j X k =- k X j = i 


A A A 


k x i =- i x k = j, ixi=jxj=kxk=0 


(vii) (A x B) = 


AAA 

i J k 

A x A y A. 
B x B v B._ 


= i (A } B z -A z B y )+ j(A z B x -A x B z ) 

+ k (A x B y - A„BJ 

Some Examples of Vector Product 

(i) Torque = r x F, where r is the position vector and F 
is the force vector. 

(ii) Linear velocity = co x r where co is the angular 
frequency vector and r is the position vector. 

(iii) Angular momentum = r x p where r is the position 
vector and p is the linear momentum vector. 

© EXAMPLE 5 Find the angle between vectors 

A A A A 

A = i + j and B = i - j. 


SOLUTION 


A • B = AB cos 6 


Magnitude of A is/I = yj l 2 + l 2 = >/~2 

Magnitude of B is B = yj l 2 + (-1) 2 = y[2 

(i + j)(i-j) = yflXypl cos 6 

=> ii-jj =2cos0 (v i j = j i = 0) 

=> 1-1=2 cos 6 gives cos 0=0 

or 0 = 90° 

© EXAMPLE 6 Two vectors A and B are inclined at 
an angle 0. Using definition of scalar product, show that the 
magnitude of the resultant of vectors A and B is given by 


R= \ A 2 + B 1 + 2AB cos0 


SOLUTION R = A + B. Therefore, 

R R = (A + B) . (A + B) = A . A + A . B + B . A 

+ B . B 

R 2 = A 2 + 2 A B + B 2 = A 2 + B 2 + 2 AB cos 6 
R= J A 2 + B 2 + 2AB cos0 


© EXAMPLE 7 Given A = 2i - 3j and B = 5i + 4j. 
Find the magnitude and direction of (A x B). 

© SOLUTION (A x B) = (2i - 3j) x (5i + 4]) 


A A A A A A 


= 10ixi + 8ixj — 15jxi-12jxj 

( A A A A A A A \ 

v i x i = j x j = 0 and j x i = - k) 

= 0 + 8k + 15k - 0 
= 23 k 

Thus the magnitude of (A x B) is 23 units and its direction 
is along + z axis. 

(Q EXAMPLE 8 Find the unit vector in the direction 
of vector 


A A A 


A = 3 i + j-5k. 

^ A A 

© SOLUTION A = — = — 

^ lAl A 

where |A| = A is the magnitude of A which is 

A = V(3) 2 +(D 2 +(-5) 2 =n/35 

A = -i-i+J-'i-^-k 

V35 V35 J V35 

A A 

© EXAMPLE9 GivenA = 3 i + j +4k andB= i +3 j 

A 

-5k, find the unit vector in the direction of (a) A + B and 
(b) A-B. 

© SOLUTION {a) C = A + B 

= (3 i + j +4k)+(i +3 j -5k) 

A A /V 

= 4 i + 4 j - k 

A A A 

p, c 4i + 4 j - k 


C = 


|C| V(4) 2 + (4) 2 + (-1) : 


- ®< 4 ' +4i - £ ) 
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/A. A. I A A A. \ 

(b) D = A - B = (3i + j + 4k)-(i + 3j-5k) 

AAA 

= 2i-2j + 9k 

AAA 

D 2i - 2 j + 9k 


D- 


D l V(2) 2 + R) 2 + (9) 2 

1 


39 < 2i - + 9C > 


EXAMPLE 10 If A + B| = |A - B|, the angle 
between vectors A and B is 

(a) zero (b) 45° 

(c) 90° (d) 180° 

O SOLUTION |A + B| = magnitude of the resultant 
of A and B 


= Ja 2 +B 2 +2ABcos6 
A - B| = magnitude of the resultant of A and - B 

= y]A 2 + B 2 - 2 AB cose 
Given |A + B| = |A - B| 

=> yjA 2 + B~ + 2 AB cos 6 = >Ja 2 + B 2 - 2 AB cos 6 
=> cos 0 = 0 => Q = 90° 

EXAMPLE 11 The sum (i.e. resultant) of vectors A 
= 4 units and B = 8 units is perpendicular to A. The angle 6 
between A and B is 


(a) 60° (b) 120° 

(c) 135° (d) 145° 

SOLUTION Let C = A + B Given that C is perpen¬ 
dicular to A. Therefore 

A C = 0 
=> A • (A + B) = 0 

=> A • A + A • B = 0 

=> A 2 + AB cos 6= 0 

A 4 1 

=> A + B cos 6= 0 => cos 6 = -= — = — 

B 8 2 


Hence 


0 = 120 ° 


EXAMPLE 12 Find the angle 0 between A = 

i + 2j + 3k and B = 2i + 3j + 5k. 

SOLUTION A • B = AB cos 9 

„ A B 
cos 0 = 


AB 


Now A ■ B= (i + 2j + 3k)-(2i + 3j + 5k) 

( /\ /S A A A A V 

v i j = j k = i k = O) 


Also 

A = 

and 

B = 

• 

• • 

cos 0 = 

=> 

G = 


V(1) 2 +(2) 2 +(3) 2 =n/i4 
V(2) 2 + (3) 2 + (5) 2 = >/38 


23 


23 


714x^38 7532 

-if 23 ^ 
cos , - 

V V532 y 

EXAMPLE 13 If A = i + 2j + 3k and 

AAA 

B = 3i + 6j + 9k, then the angle between A and B is 
(a) zero (b) 90° 

(c) 60° (d) 120° 

SOLUTION B= 3i + 6j + 9k 

= 3 (i+ 2j + 3k) = 3A 

It follows that the magnitude of B is 3 times that of A 
but the direction of B is the same as that of A. Hence the 
correct choice is (a). 

Q EXAMPLE 14 If A = i + 2 j + 3k , B = 2i + k and 
C = j - k , find A (Bx C). 

SOLUTION BxC= (2i + k)x(j-k) 

A A A A AAA A 

= 2ixj-2ixk + kxj-kxk 


A A 


= 2 k + 2 j - i - 0 

A A XV 

= -i + 2j + 2k 

( A A Ay \ / A A A, \ 

i + 2j + 3kJ • (- f + 2j + 2k j 


1 + 4 + 6 = 9 


a. 


A A 


EXAMPLE 15 If A = 2i + j + 3k and B = 

i + 3j + 5k , the A • (A x B) is 

(a) 15 (b) 729 

(c) 45 (d) zero 

© SOLUTION If C = A x B, then C is perpendicular 
to both A and B 

A • (A x B) = A • C = 0, since C is perpendicular to A. 

© EXAMPLE 16 Three vectors AB, BC and CA are 
represented by the three sides of a triangle as shown in 
Fig. 2.9. Show that 

AB + BC + CA = 0 
C 



Fig. 2.9 
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SOLUTION From triangle law, 
AB + BC = AC = - CA 
AB + BC + CA = 0 


If three vectors are represented by the three 
sides of a triangle taken in the same order, their 
Note resultant is zero. 



10. Position Vector and Displacement Vector 

The position vector of a particle describes its instantaneous 
position with respect to the origin of the chosen frame of 
reference. It is a vector joining the origin to the particle 
and is denoted by vector r. 

For one-dimensional motion (say along jc-axis), r= jci, 
where a* is the distance of the particle from origin O. 

For two-dimensional motion (say in the x-y plane), 

A A 

r = xi + vj, where (x, y) are the jc and y coordinates of 
the particle. 

1 AAA 

For three-dimensional motion, r = xi + vj + z k. 

Displacement vector 

If r, is the position vector of a particle at time t X9 and r 2 at 
time t 2 , then the displacement vector is given by 

s =r 2 -r, 

Vector s is the resultant of vectors r 2 and - r I (Fig. 2.10). 

v A 



x 


The displacement vector is a vector joining the initial 
and the final positions of the particle after a given interval 
of time and its direction is from the initial to the final 
position. 

Q EXAMPLE 17 A particle moves from A to B along 
a circle of radius R. Find the path length and the magnitude 
of the displacement in terms of R and 0. [sec Fig. 2.11(a)] 



A 


SOLUTION Path length = arc AB = R6 
As shown in Fig. 2.11 (b), the magnitude of displacement is 

5 = AB = AC + CB 

= 2 AC 

=> s =2R sin (6/2) 



11. Instantaneous Velocity and Average Velocity 

The rate of change of displacement with time at a given 
instant is called instantaneous velocity and is given by 

dx 


v = 


dt 


The average velocity in a given time interval is defined as 

total displacement 


*>av = 


time interval 


EXAMPLE 18 The position of a particle moving 
along x-axis is given by a = 2t - 3r +1 , where a is in metre 
and t in second. 

(a) Find the velocity of the particle at t = 2 s. 

(b) Find the average speed of the particle in the time 
interval from / = 2 s to t = 4 s. 

SOLUTION 

(a) x = 2t-3t 2 + t i 

dx _ , , _ 2 

v — — — 2 — 6t + 3 t 
dt 

v at (t = 2 s) = 2 - 6 x 2 + 3 x (2) 2 = 2 ms 1 

(b) Position at t = 2 s is 

x, = 2 x 2 - 3 x (2) 2 + (2) 3 = 0 

Position at t = 4 s is 

Xj = 2 x 4 - 3 x (4) 2 + (4) 3 = 24 m 

Displacement is x 2 — a, = 24 - 0 = 24 m. Time 
interval = 4 - 2 = 2 s. Therefore, 

Average velocity =—=12 ms -1 
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12. Instantaneous Acceleration 


Applications 


The rate of change of velocity with time at a given instant 
is called instantaneous acceleration and is given by 


dv 
a — — 
dt 


13. Equations of One Dimensional Motion with 
Constant Acceleration 


Let x 0 be the position of a particle at time t = 0 and let u be 
its velocity at t = 0. It is given a constant acceleration a for 
time t. As a result it moves in a straight line to a position x 
and acquires a velocity v. 

The particle suffers a displacement s = x -x 0 in time t. 
The equations of motion of the particle are 



v = u + at 

(2.1) 


1 2 

A' = a 0 + at + — at 


or 

1 2 

.9 = ut + - at 

2 

(2-2) 

and 

v 1 - a 2 =2 a(x - x 0 ) 


or 

v 2 - a 2 = 2a s 

(2.3) 


1. While solving numerical problems of bodies moving 
in a straight horizontal direction, we will consider only 
the magnitudes of u, i\ a and s and take care of their 
direction by assigning positive or negative sign to the 
quantity. For example, + a will mean acceleration - a 
will mean retardation (or deceleration). 


2. In the case of a body falling vertically under gravity 
or projected vertically upwards, we use the following 
sign conventions. 


Quantities directed vertically upwards are taken to 
be positive and those directed vertically downwards 
arc taken to be negative. Since the acceleration due 
to gravity is directed downward for a body moving 
vertically up or falling vertically down, we take a 
= - g = - 9.8 ms 2 in Eqs. (2.1), (2.2) and (2.3). 

3. Displacement in the /7th second is given by 
s n = displacement in n seconds 

- displacement in (/? - 1) seconds 



+ 


— a(n) 2 - u (/7 - 


l)-itf(H-l) 2 


a 


S n = u + -0-1) 


(2.4) 


(i) If a body moving with constant acceleration, starts 
from A with initial velocity u and reaches B with a 
velocity v , then the velocity midway between A and 
B is 





(ii) A body starting from rest has an acceleration a for 
a time /, and comes to rest under a retardation h for 
a time t 2 . If 5, and .v 2 are the distances travelled in /, 
and / 2 , 


(a) 

(b) 


s 2 a t 2 

Total distance travelled (s, + s 2 ) 


(c) 

(d) 


\_ 

2 


ah 


a + b 


T 2 , where T=t { + t 2 . 


Maximum velocity attained is 


v 


max 


ah 


a + b 


T 


Average velocity over the whole trip is 



^max 

2 


(iii) At time t = 0 a body is thrown vertically upwards 
with a velocity a at time t = T , another body is thrown 
vertically upwards with the same velocity a. The two 
bodies will meet at time 

T it 

t = —+ — 

2 S 

(iv) A body is dropped from rest and at the same time 
another body is thrown downward with a velocity it 
from the same point, then 

(a) the acceleration of each body isg, 

(b) their relative velocity is always u, 

(c) their separation will be x after a time t = —. 

u 

(v) From the top of a building, body A is thrown upwards 
with a certain speed, body B is thrown downwards 
with the same speed and body C is dropped from 
rest from the same point. If t 2 and t 3 are their 
respective times of reach the ground, then 

h = yj 1 1 h 
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(vi) A body of mass m is dropped from a height h on a 
heap of sand. If it penetrates a depth x in the sand, 

(a) the average retardation in sand is given by 



x 


because loss in PE (nigh) = work done against the 
resistive force of sand {max). 

(b) total average force exerted by sand is 

F = mg + ma = m(g + a) 

(vii) A body is thrown vertically upward with a velocity 
u. If the resistive force due to air-friction produces a 
constant acceleration (or retardation) a (< g) 

(a) the net acceleration during upward motion 

= g + a, 

(b) the net acceleration during downward motion = 
g~a> 

(c) the maximum height attained is 



2 (g + a) 


(d) the time taken to reach the maximum height is 

_ | 2h _ u 

' l \(g + a) (g + a) 

(c) the time of descent is 



(0 the speed with which the body hits the ground is 



Some useful tips 

(i) If a body, starting from rest, moves with a constant 

acceleration, the distances covered by it in Is, 2s, 3s 
.are in the ratio 1 2 : 2 2 : 3 2 _= 1 : 4 : 9. 

(ii) If a body starts from rest and moves with a contant 
acceleration, the distance covered by it in the 1st, 
2nd, 3rd....seconds are in the ratio 1:3:5... 


(iii) A body is projected upward with a certain speed. If 
air resistance is nelected, the speed with which it hits 
the ground = the speed of projection. 

(iv) If a body is projected upwards with a velocity u, the 
maximum height attained is proportional to u and 
the time of ascent is proportional to u. 

(v) For a freely falling body, 

(a) velocity time 

(b) distance fallen <* (time) 2 

(c) velocity % j distance fallen 

14. Graphical Representation 

1. Displacement - time (x - t) graphs (Fig. 2.12) 

Fig. 2.12 (a) : Body at rest 

Fig. 2.12(A) : Body in uniform motion 

Fig. 2.12(c) : Body subjected to acceleration 

(a > 0 ) 

Fig. 2.12 (cl) : Body subjected to retardation 

(a < 0) 

Fig. 2.12(c) : Body accelerating and then 

decelerating 



O t -> O t -> O t —> 

(c) (d) (c) 

Fig. 2.12 


a The slope of x - t graph gives velocity for 
uniform motion [Fig. 2.16(/>)]. For non-uniform 
Note motion [Fig. 2.16(c), (cl) and (e)], the slope of 
the tangent to the curve at a point gives velocity 
at that instant. 


2. Velocity-time (v -1) graphs for uniformly accelerated 
motion (Fig. 2.13) 
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T 

V 







Fig. 2.13 



Acceleration = slope of (v t) graph 
Displacement = area under (v - t) graph 


Note 


3. Acceleration - time (a - t) graph [Fig. 2.14] 


T 

a 


t 

a 

O 


t 


O /-> 

a = constant > 0 


a = constant < 0 



a > 0, increasing linearly 
with time 

Fig. 2.14 


4. (a - /), (v - /), (x - t) graphs for free fall [Fig 2.15] 


T 

a 

O 


■9.8 

ms -2 


/ -» 




Fig. 2.15 

EXAMPLE 19 The displacement x (in metres) of a 
body varies with time t (in seconds) as 

2 

x = — t 2 +16/+ 2 
3 

How long does the body take to come to rest? 

dx 4 

SOLUTION v= -=--/ +16 

dt 3 


0 = —/ +16 
3 


t= 12 s 


EXAMPLE 20 From the top of a building 40 m 
tall, a ball a thrown vertically upwards with a velocity of 
10 ms (a) After how long will the ball hit the ground? 
(b) After how long will the ball take to pass through the 
point from where it was projected? (c) With what velocity 
will it hit the ground? Take g = 10 ms . 

SOLUTION 


(a) s = - 40 m, u = + 10 ms a — - 10 ms 2 
Now 


1 2 

s = ut + — at 

2 


-40= 10/+ - x(- 10)/ 2 
2 

=> t 1 - It - 8 = 0 
=> (/ + 2) (/ - 4) = 0 

=» t = - 2 s or 4 s. The negative value of t is 

not possible. 

Hence the ball will hit the ground after 4 s. 
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(b) s = 0, u = + 10 ms 1 and a = - 10 ms 2 . 


Therefore 0 = 10/ - 5r 


/ = 2 s 


(c) v = u + at = 10- 10x4= 10 - 40 = - 30 ms 1 . 

The negative sign indicates the velocity v is directed 
downwards. 

EXAMPLE 21 Figure 2.16 shows the velocity - 
time graph of a body moving in a straight line. Find (a) the 
distance travelled by the body in 20 s, (b) the displacement 
of the body in 20 s and (c) the average velocity in the time 
interval t = 0 to / = 20 s. 



SOLUTION 

(a) Distance = area under speed - time graph which is 
shown in Fig. 2.17. 



Distance travelled in 20 s = area of OAB + area 
of BCD 

= -x 6x 10+ -x6x 10 = 60 m 
2 2 

(b) Displacement in 20 s = area of OAB - area of BCD 
in Fig. 2.16 

= 30 - 30 = 0 


. . 4 . . displacement 

(c) Average velocity = - 

time 


= 0 


EXAMPLE 22 A body moving in a straight line 
covers a distance of 14 m in the 5th second and 20 m in 
the 8th second. How much distance will it cover in the 
15th second? 

SOLUTION S„ = w + | ( In- 1) 


S5 = « + 


S 8 - // + 


9 a 
2 

15a 


Solving (1) and (2), we get a = 2 ms and w = 5ms '. 


( 1 ) 


( 2 ) 


-l 


S \s ~ w + 


29 a c 29x2 
-= 5 +-= 34 m 


EXAMPLE 23 A police jeep moving at a constant 
speed v on a straight road is chasing a thief riding on 
motor-cycle. The thief starts from rest when the police 
jeep is at a distance x away and accelerates at a constant 
rate a. The police will be able to catch the thief if 

(a) v > yfax (b) v > \l2ax 


(c) v > Isfax 


(d) v>jf 


SOLUTION Suppose the thief is caught at a time t 
after the starting of the motorcycle. The distance travelled 
by the motorcycle in this time t is 


5= -at 2 
2 

During this time, the jeep must travel a distance 

S + A' = vt 


(i) 


00 


Using (i) and (ii) 


1 

ar + x = vt 

2 


=> at 2 — 2 vt + 2a* = 0 

The roots of this quadratic equation are 

v ± yjv 2 - 2ax 


t = 


a 


Since t must be real and positive, we must have 
ir > 2 ax => v > \llax 

EXAMPLE 24 A balloon is rising vertically 
upwards with a constant velocity of 10 ms ] . When it is 
at a height of 45 m above the ground, a stone is dropped 
from it. Find the height of the balloon when the stone hits 
the ground. Take g = 10 ms . 

© SOLUTION At time t = 0 (when the stone is 
dropped), its velocity is u = + 10 ms 1 (vertically upwards). 
Displacement s =-45 m (vertically downwards) and a = -g 

= - 10 ms -2 

Using S = ut + — at 2 , we have 

-45 = 10 / + - (- l())r 
2 
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=> -45= 10/-5/ 2 

=> t 2 -2t - 9 = 0 

The two roots of t are 

1 ± V4 + 36 _ 1 + 6.32 
2 " 2 
= - 2.7 s or 3.7 s 

The negative value of t is not possible. Therefore / = 3.7 s. 
During this time the balloon has moved up a distance = ut 
= 10 x 3.7 = 37 m. Hence the balloon is at a height of 45 
+ 37 = 82 m above the ground. 

© EXAMPLE 25 A ball is dropped from the top of 
a tower. In the last second of its motion, the ball covers 
a distance of 9/25 times the height of the tower. Find the 
height of the tower. 

© SOLUTION Let h be the height of the tower. If / is 
the time taken by the ball to reach the ground, then 


h= \ S ' 2 

The distance covered in (/ - 1) seconds is 

*'= \ l ) 2 


(i) 


Given 


A'-A-i-A-! 

25 25 


16 h 

• _ 

• • 

25 

Dividing (ii) by (i) 
16 




(i<) 


_ ('-O' 


or 


25 

4 

5 


r 

/-l 

t 


t = 5s 


Using t = 5 s in Eq (i), we get 

1 


h= - x 9.8 x (5) 2 = 122.5 m 
2 

15. Relative Velocity in One Dimension 

If two bodies A and B are moving in a straight line with 
velocities v A and v B respectively, the relative velocity of A 
with respect to B is defined as 

*AB = ~ V B 

The relative velocity of B with respect to A will be 

v ba = V B~ v A 

© EXAMPLE 26 A police van moving on a highway 
with a speed of 10 ms 1 fires a bullet at a thief’s car 


speeding away in the same direction with a speed of 30 
ms ’. If the muzzle speed of the bullet is 140 ms ', with 
what speed will the bullet hit the thief’s car? 

© SOLUTION Speed of police van is v v = 10 ms -1 , 
speed of thief’s car is v c = 30 ms \ Relative velocity of 
bullet with respect to van is v BV = 140 ms -1 . Let v B be the 
velocity of the bullet. v BV = v B - v v . Hence v B = v BV + v v 
= 140 + 10 = 150 ms \ The bullet will hit the car with a 
speed 

v bc ~ v b~ v c~ 150-30= 120 ms 

© EXAMPLE 27 From the 
top of a tower 60 m tall, a body 
is thrown vertically down with a 
velocity of 10 ms \ At the same 
time, another body is thrown 
vertically upward from the ground 
with a velocity of 20 ms ’. (a) 

After how long will the two bodies 
meet? (b) At what height above the 


-l 


i f 


Mi 


lh 


4-C 


60 m 


ground do they meet? Take g = 10 
ms 2 . 

SOLUTION 


li- 


ii- 


t 


Ground 

Fig. 2.18 


(a) Suppose the bodies meet at C and let t be the time at 
which they meet. 


For body 1: s = - h x , u x = — 10 ms 1 , a = - 10 ms 


-2 


/?, =- 10/+ — x (-10)/ 


( 1 ) 


which gives /?, = 5/ (/ + 2) 

For body 2: s = + /? 2 , u 2 = + 20 ms -l , 

a = - 10 ms " 2 

h 2 = 20/ - 5/ 2 = 5/ (- / + 4) (2) 

Adding (1) and (2), h x -I- h 2 = 30/ or 60 = 30/ 
=> / = 2 s. 

(b) Using / = 2 s in Eq. (2), h 2 = 5 x 2 (4 - 2) = 20 m 

Alternative method 

Relative velocity of body 1 with respect to body 2 is 

u X2 = w, - u 2 = - 10 - (20) = - 30 ms 1 

Relative displacement of body 1 with respect of body 2 is 

s X2 = - h\- (h 2 ) = - (/7j + /7 2 ) = - 60 m 

Relative acceleration is a l2 = ci x - a 2 = - g - (- g) = 0. 
Using 

s = ut + — at 2 , we have 
2 

- 60 = - 30 / => / = 2 s. 
h 2 = 20t - 5t 2 = 20 x 2 - 5 x (2) 2 = 20 m 
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EXAMPLE 28 The driver of train A moving at a 
speed of 30 ms 1 sights another train B moving on the 
same track at a speed of 10 ms 1 in the same direction. 
He immediately applies brakes and achieves a uniform 

retardation of 2 ms -2 . To avoid collision, what must be 
the minimum distance between trains A and B when the 
driver of A sights B1 

SOLUTION Relative initial velocity A w.r.t. B is, 
u AB = u A - u B = 30 - 10 = 20 ms 1 


Relative retardation of A w.r.t B is 
a AB = a A~a B = - 2 - 0 = - 2 ms 


-2 


To avoid collision, the relative final velocity of A w.r.t. B 
= v AB must be zero. Minimum relative displacement of A 
w.r.t. B is s AB which is found by using the relation v~ - ir 
= 2 as which gives 

0 - (20) 2 = 2 x (- 2) s AB => s AB = 100 m 
iQ EXAMPLE 29 The driver of a train moving at 
a speed v } sights another train at a distance d ahead of 
him, moving in the same direction with a slower speed 
v 2 . He immediately applies brakes to achieve a constant 
retardation a. There will be no collision if d is greater than 


(a) 


(c) 


(v l -v 2 y 


a 


(P| -Pz)' 

2 a 


(b) 


(d) 


(p?-p|) 


a 




2 a 


SOLUTION The two trains will not collide if the 
initial relative velocity u = (v ] - v 2 ) reduces to zero relative 
velocity (v = 0) in a minimum distance S = d min under a 
retardation (- a). Using v 2 - ic - 2a S , we have 

o - (t>, - O 2) 2 = 2 (~a)d t 
=> d ~ 


'nun 


nun 


2a 


So the correct choice is (c). 

16. Solving Problems Involving Non-uniform 
Acceleration 

(a) Finding velocity and displacement if the dependence 
of acceleration on time is given, 
dv 

Use a(t) = — which gives dv = a dt. Substitute the 
dt 

given expression for a in terms of t and integrate both 
sides. 

V t 

^dv = ja(t)dt 

u 0 

and obtain the expression for i>(/). 


To find displacement x, use v(t) = — which gives 
dx = v(t) dt. dt 

Substitute the expression for v and integrate both 
sides 


A I 

J dx = jv(t)dt 


EXAMPLE 30 A particle starts from rest at x = 0. 
Its acceleration at time t = 0 is 5 ms 2 which varies with 
time as shown in Fig. 2.19. Find (i) the maximum speed of 
the particle and (ii) its displacement in time interval from 
t = 0 to / = 2 s. 

SOLUTION 

(i) Slope of graph is m = - — ms"' per second. Intercept 

6 

c = 5ms 2 . Usings = mx + c, the acceleration a varies 
with time as 


*=--/ + 5 
6 

dv 5 

— =-t + S 

dt 6 


Integrating J dv 

0 




A 


dt 


V = 


5 t 2 + 5t 


12 


( 1 ) 


a 



It follows from graph that deceleration becomes zero 
at t = 6 s. Hence v will be maximum at t = 6 s. Using 
/ = 6 s in Eq. (1) gives i> max = 15 ms -1 . 

dx 

(ii) From v = — , we have dx = v dt. Integrating 
dt 


x 1 2 

\ dx = ) vdt = If-A ,2 + 5 ' 

n V 1Z 


dt 


X = 


5 r _ f 

-x — + 5x — 

12 3 2 


0 


5 2 3 c 2 2 80 

=-x — + 5 x — = — m 

12 3 2 9 
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(b) Finding velocity and displacement if the dependence 
of acceleration on displacement is given 


Use 


, x dv dx dv dv 

a(x) = — = — x — = v — 

dt dt dx dx 


/ dx 
v v = 
v 


dt 


or v dv - a(x) dx 

Substitute the given expression of a(x) in terms of x 

and integrate. 

V X 

jv dv = ^a(x)dx 

V x 0 

Hence we get an expression for v(x) in terms of x. 

To find displacement, we use v(x) = — => 

7 dt 

-= dt and integrate 

v{x) 


A 

j 


dx 

v(x) 


= J dt 


*0 ' ' o 

where v is the expression obtained above. 
EXAMPLE 31 A particle is moving along the jc-axis 

with an acceleration a = 2x where a is in ms “ and x is in 
metre. If the particle starts from rest at x = 1 m, find its 
velocity when it reaches the position x = 3 m. 


SOLUTION a — v 


dv 


lx = v 


dx 

v d v = 2x dx 

v 3 

1 dv = 2 1 x dx 


v* 

T * 2 


dv 

dx 


= 3 2 - 1 = 8 


which gives v = 4 ms 

(c) Finding velocity and displacement if the dependence 
of acceleration on velocity is given 


a(v) = 
Integrating 


dv 

~dt 


dv 

a{v) 


= dt 


dv 


f U U r 

^) = \ dt 


Hence we obtain the expression for v(t). 

v(t) = — dx = v(t) dt 

dt 


Integrating 


X • 

^ dx - \v(t)dt 


EXAMPLE 32 A particle initially (i.e. at t = 0) 
moving with a velocity u is subjected to a retarding force 
which decelerates it at a rate a = -kjv where v is the 
instantaneous velocity and k is a positive constant, (a) Find 
the time taken by the particle to come to rest, (b) Find the 
distance the particle travels during this time. 

SOLUTION 


(a) a = 


dv 


dt 

Integrating 


-kJv = 


dv 

~dt 


dv 

F 


= - k dt 


J 7 = = ~ k jdt 

=> 2(t7 1/2 — w ,/2 ) ~-kt 

. 2 J~u 

Putting v = 0, we get t = —— 


(b) To find the stopping distance, we use 

dv dv 
a = — = v 


-kyfv = v 


dt dx 

dv . _ fv dv 


dx 


dx = 


Integrating 

* 1 0 
jdx = — J y[v dv 


2 u 


u 

3/2 


X = 


3k 


EXAMPLE 33 The velocity v (in ms ] ) of a particle 
moving in a straight line varies with its displacement .v (in 
metre) as 


v = V 9 ~ 


—9 

The maximum acceleration of the particle in ms ~ is 
(a) 3 (b) 6 

(c) 9 (d) 18 

dv dv dx dv dx 

SOLUTION a = — = — x — -v — (v v = —) 

dt dx dt dx dt 

= --{v 2 ) 

2 dx' ’ 
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Given 


v 2 = 9 - x* 


V = 77-^ 


a= ix[ 9 -^] = i x (- 2jc ) = - : " 


2 <Zv l J 2 

Since v must be real, x 1 < 9 => * < ± 3. 


«max = 3 ms 


-2 


So the correct choice is (a). 

tQ EXAMPLE 34 The acceleration a of a particle 
moving with an initial velocity u varies with distance* as 

a = k\fx where k is a constant. The distance covered by the 
particle when its velocity becomes 3// is given by 


(a) 


(c) 


r 3u 2 ^ 2n 


(b) (3 £m 2 ) 4 3 


/ 9 \ 2/3 

( 6 u 2 N 


(d) 


v^ 2/3 

v3 kj 


SOLUTION a 

v ci V 


dv dv dx dv 

-=-X- -V — 

dt dx dt dx 

adx = k \fx dx 


Integrating 


3 m 

J vdv = k J V* dx 


V‘ 


3 u 


kx 


3/2 


3/2 


— (9m 2 - u 2 ) = —x V2 


4 u 2 = — x m 


'6 u 2 ^ 


X = 


EXAMPLE 35 The velocity v of a particle moving 
in a straight line varies with distance * as v — k yfx where 
k is a positive constant. The distance* varies with time t as 


(a) * oc yft 


(b) * oc t 


Integrating 


Integrating 


or 



17. Motion in Two Dimensions: 
Projectile Motion 


(i) A body projected horizontally with a velocity u 
from a height h. [Fig. 2.20] Horizontal and vertical 
distances covered in time t arc 

* = ut 

(2.5) 

1 2 

y ~ 2 e 

(2.6) 



(c) * oc t 


3/2 



SOLUTION 


Acceleration 



(d) * oc / 2 


a = 


dv dv dx 
— = — x — 
dt dx dt 

dv 
v — 
dx 



Fig. 2.20 


Differentiating Eqs. (2.5) and (2.6) w.r.t time /, we 
get the horizontal and vertical velocities. 


dx 


V x = 


— u 


dt 
dy 

v y =- = g t 


(2.6) 


(2.7) 
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Equation to trajectory 

Eliminating t from Eqs. (2.5) and (2.6), we get 



Since y a* 2 , the trajectory of the body is parabolic. 

Time of flight (tf) 

Putting y = h and t = t f in Eq. (2.6), we get t f 



Horizontal range (R) 

Putting t = tf and x = R in Eq. (2.5), we get 


R 



Magnitude of resultant velocity at time t is 

1 2 2 2 \* “ 

v = [u 2 +g z r) 

The angle a which the resultant velocity vector 
subtends with the vertical is given by 

u 

tan a = — 

gf 



Fig. 2.21 


Eq nation of tra jectory 

Eliminating t from Eqs. (2.8) and (2.9), we get 

.2 


y = (tan Q)x - 


gx 


2u 2 cos 2 6 


Time of flight (tf) 

Putting y = 0 and / = t f in Eq. (2.9), we get 

2 u sin0 


t f = 


g 


Maximum height attained (/z m;lx ) 

Put / = t f /2 andy = h m . lx in Eq. (2.9), we get 

u 2 sin 2 6 


h 


max 


2g 


(ii) A body projected from the ground with a velocity u 
at an angle 6 with the horizontal. (Fig. 2.21) 

The horizontal and vertical distances covered in time 
/ arc 



x = (// cos 6)t 

(2.8) 

and 

1 7 

y =0' sin 0)t- -gt 

(2.9) 


Horizontal and vertical components of the velocity 
at time t are 

v x = u cos 6 (2.10) 

and u y = u sin 0- gt (2.11) 

Magnitude of resultant velocity at time t is 


The angle a subtended by the resultant velocity 
vector with the horizontal is given by 

0 v 

tan a = — 

v x 


Horizontal range (R) 

Putting t = tf and x = R in Eq. (2.8) we get 

_ u 2 sin (26) 
l\ — - 

g 


(iii) A body projected from a height h with a velocity u at 
an angle 0 with the horizontal. (Fig. 2.22) 
u 



If T is the total time of flight, then we have 

2 

1 —2 


h = u T- —gT 2 
y n 


= (u sin0) T - — gT 
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. w sin 0 ( u 2 sin 2 9 2h\ 

which gives T = -+ -=- 1 - 

8 \ 8 8 


The horizontal range is R f = (u cos 0)T 

Applications 

(i) The horizontal range is the same for angles 6 and 
(90° - 9). 

(ii) The horizontal range is maximum for 6 = 45°. 

^max ~ U ^8 ^ 

(iii) When horizontal range is maximum, A max = — ”| ax 

(iv) At the point of projection, K.E = — mu 2 , PE = 0. 

I , 2 

Iotal energy E = — mu . 


1 T "7 

(v) At the highest point, K.E = — mu" cos 0 
and PE = total energy - KE 

= — mu 2 - — nnr cos 2 6 = —mu 2 sin 2 6. 


(vi) To find R and /? max from the equation of trajectory 

y = ax - bx 2 


where a and b are constants. Refer to Fig. 2.23. 

y 



Fig. 2.23 

(a) At O and Z?, y = 0. Putting y = 0 in the above 
equation, we have 0 = ax - bx 2 => jc = 0, 

x = alb . Therefore r = — . 

b 

R a 

(b) At A, y = /? max and x= — = _Using these val- 

2 2b 

, 2 , a 2 

ues in y = ax - bx , we get h = — . 

4/) 


(vii) If A and B are two points at the same horizontal level 
on a trajectory at a height h from the ground, (see 
Fig. 2.24), then 


y 



(b) h = - gt x t 2 

(c) Average velocity during time interval (t 2 - /,) is 
z; av = u cos 9 

(v during this interval, the vertical displacement 
is zero) 

(viii) Velocity and Direction of Motion of Projectile at 
any Height. Let P be a point on the trajectory of a 
projectile at a height h and let v be the velocity of the 
projectile at that height. If a is the angle which the 
velocity vector makes with the horizontal, then the 
horizontal and vertical components of the velocity 
are given by v x = u x = constant 


or v cos a = u cos 9 

(0 

and 

v 2 = u 2 - 2gh 


or 

(v sin a) 2 = (it sin 9) 2 = - 2gh 

(ii) 


Squaring Eq. (i) and then adding to Eq. (ii), wc get 
v 2 = v\ + zr = it 2 - 2gh or v = (u 2 - 2gh) [ 2 

This gives the speed of the projectile at height h. 
The direction of the velocity vector (i.e., direction of 
motion) is obtained by taking the square root of Eq. 
(ii) and then dividing by Eq. (i). We get 

sin a (i/ 2 sin 2 9 - 2g/?)' " 

tan a = - = -- 

cosa ucos 6 

(ix) Time of Flight and Range of a Projectile on an 
Inclined Plane 

Consider an inclined plane OAB making an angle 
a with the horizontal (Fig. 2.25). Let a body be 
projected with a velocity u at an angle 9 with the 
horizontal. Let us choose the x-axis along the plane 
OA and y-axis perpendicular to the plane OA. Let 
the body hit the inclined plane at point P so that R 
= OP is the range on the inclined plane. The .y and y 
components of the velocity of the projectile are 

v x = u cos (9- a) and v = u sin (9- a) 
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The x and y components of acceleration due to 
gravity are - g sin a and - g cos a respectively, as 
shown in Fig. 2.25. Let 7Tbe the time of flight on the 
inclined plane. Since the net vertical displacement in 
time Tf is zero (i.e., h = 0), we have 

0 =v y T f - \g cosaT f 
or 0 = v y - ^ g cos a T f 

or 0 = u sin (0 - a) - — g cos a T f 

2 


2//sin (0 - a) 


(iii) 


or 7}= 

g cos a 

During this time, the horizontal component of 
velocity zvcos 0 remains constant. Hence, horizontal 
distance OQ is 

00 = (u cos B)Tj 



Fig. 2.25 

Range of the projectile on the inclined plane is 


(iv) 


R = 0 p= °q . (» cosg ) 7 ;/ 

cos a cos a 

Using Eq. (iii) in Eq. (iv), we gel 

2u~ sin(0-a)cos0 
R — - 

geos a 

EXAMPLE 36 A ball is thrown horizontally with 
a velocity of 5 ms 1 from the top of a building of height 
80 m. Take g = 10 ms " and find (a) the time taken by the 
ball to hit the ground, (b) the distance from the base of the 
building of the point w here the ball hits the ground and (c) 
the magnitude and direction of the velocity of the ball at 
t = 2 s. 


SOLUTION (a) t f = 


2/7 


'2x80 


g v 10 

(b) R = utj = 5 x 4 = 20 m 

(c) v= Ju 2 +g 2 t 2 = V(5) 2 +(10) 2 x(2) 2 


= 4 s 


= J 425 = 20.6 ms 


If a is the angle which the velocity vector v subtends with 
the vertical, then 


u 

tan a = — = 


1 


a = tan 


gt 10x2 4 

'n 

v 4 J 


i 


= 14 c 


EXAMPLE 37 Two bodies are projected 
horizontally in opposite directions with velocities w, and 
u 2 from the top of a building. If their velocitices become 
perpendicular to each other after falling through a distance 
h y then 


(a) h = \fl 


Ui u 


(b) h = 


2 7/j u 2 


(c) h = 


U\ u 2 


... w, 

(d) h = 12 


Eg 2g 

SOLUTION Let //, be along the positive x-axis and 
u 2 along the negative x-axis. Their velocities at any time 
t are 

A A 

®i= »i> + (g0j 

v 2 = -u 2 \ + (gt) j 

Let t be the time at which z;, becomes perpendicular to 
v 2 y then 

Vy * V 2 = 0 

=> [w, i + (g?)i]' [- m 2> + (g>) j] = 0 

=> - u x u 2 + (gt) 2 = 0 

=^> t= ~(u x u 2 ) V2 

g 


"\l<2 


, 1 2 1 
h= -gt =~gx 2 

2 2 8 


u \ u 2 

2 8 


EXAMPLE 38 A building P is 150 m tall and is 
at a distance of 100 m from another building O. A ball is 
thrown horizontally from the top of building P such that it 
enters a window in building O. The height of the window 
above the ground is 25 m. The speed (in ms ] ) w r ith which 
the ball is thrown must be (take g = 10 ms "). 

(a) 20 (b) 30 

(c) 40 (d) 50 

iQ SOLUTION Refer to Fig. 2.26. It follows from the 
figure that the horizontal range is R = 100 m and the verti¬ 
cal displacement h = (150 - 25) = 125 m 
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100 m 


Fig. 2.26 

Time taken to fall through this distance is 


/ = 


2h 
g 


2x125 


10 


= 5 s 


Now 


R= ut 


R 100 on c-i 
a = — =-= 20 ms 

t 5 

EXAMPLE 39 A body is projected horizontally 
from the top of a building. It strikes the ground after a 
time t with its velocity vector making an angle 0 with the 
horizontal. The speed with which the body is projected is 

gt & 


(a) 


(c) 


sin 9 
gt 


tan 9 
SOLUTION 


(b) 


(d) 


COS0 

gt 

cot 9 


Let it be the speed with which the 
body is projected and let v x and v v be the horizontal and 
vertical components of the velocity at time t. Then 


tan 9 = — 


v. 


V v 


u 


u = 


(v v x = it remains constant) 


v y 


tan 9 


(0 


Now, since the initial y component (w r ) is zero, we have 

-v y = 0 -gt 

=> v y = gt (ii) 

Using (ii) in (i), we get 

gt 


u = 


tan 0 


, which is choice (c) 


EXAMPLE 40 A body is projected horizontally 
with a speed u from the top A of an plane ABC inclined at 
an angle 6= 30° with the horizontal. It strikes the plane at 
point P. The distance AP is given by 


(a) 


u 


2 g 


2 g 


(C)f^ 

3 g 


(d) - 


4 u 


3 g 


SOLUTION 





B 


If the time taken by the body to strike the plane at P is 
t (Fig. 2.27), then the horizontal and vertical distances 
travelled by it arc 

x = ut 


and 


1 

y= ~gt‘ 


(0 

(ii) 


Eliminating I from (i) and and (ii), 


Now- 


tan 6 = 


2u 

AD y 


DP x 

y = x tan 9. Thus 

2 


x tan 9= 


2 u 


x = 


2 it tan 9 


g 


Distance 


’x 1 + y 2 


AP = y[: 

= \jx 2 -h x 2 tan - 9 


= Xyj\ + tan 2 9 
= x sec 9 

2ir tan0 sec 9 


or 


AP = 


g 

2u 2 sin 9 


For 9 = 30°, AP = 


g cos 2 9 
2u 2 sin30° 4 a‘ 


g cos 2 30° 3g 

EXAMPLE 41 A body is projected with a speed u at an 
angle a w ith the horizontal. The speed of the body when 
its velocity vector makes an angle j8 with the vertical is 


(a) 


(c) 


u cos a 
cos [i 

u sin a 
cos fi 


(b) 


(d) 


u cos a 
sin [5 

u sin a 
sin (5 
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SOLUTION Let the speed of the body be v when 
its velocity vector makes an angle (5 with the vertical 
(Fig 2.28) 



Fig. 2.28 

Horizontal component of u is u cos a and the horizontal 
component of v is v sin /}. Since the horizontal component 
of velocity remains constant, 

u cos a = v sin /3 


v 


u cos a 
sin fi 


, which is choice (b) 


EXAMPLE 42 A body is projected from the ground 
with a velocity u = (bi + 8 j) ms" 1 . Find (a) the maximum 
height attained by it, (b) the time of flight and (c) the 
horizontal range. Takeg = 10 ms 2 . 

© SOLUTION Given u = (6i + 8j) ms' 1 

Speed of projection is u = y](6) 2 -+- (8) 2 = 10 ms 1 

Also u x = 6 ms 1 and u Y = 8 ms' 1 . If 6 is the angle of 

projection with the horizontal (.v-axis), then 

l 


and 


u x = u cos 6 = 6 ms 
u v = u sin 6 = 8 ms 


8 4... 4 

These equations give tan Q = — ~— which gives sin 0= — . 

6 3 5 


(a) ^ma\ 


u 2 sin ^6 




2g 


2x10 


= 3.2 m 


(b) t r 


2u sin 6 


2 x 1 Ox- 


g io 

.2 „• /^/ i \ -»..2 


— = 1.6 s 


. _ u" sin(20) 2ic sin dcosd 
(c) R =-- —- - 


4 3 

Since sin 0= — , cos 0 = - . Therefore, 

5 5 


2 x (10) 2 x 


/ 


R 


lx 
5 


< 5 


10 


= 9.6 m 


EXAMPLE 43 A body is projected with kinetic 
energy K at an angle of 60° with the vertical. The kinetic 
energy of the body when it is at the highest point on the 
trajectory is 

3 K 
4 

K_ 

4 

SOLUTION Angle with the horizontal is 6= 90° - 
60° = 30°. At the highest point, the horizontal component of 
velocity is u cos 0 and the vertical component is zero. 

1 2 

Given — mu = K. At the highest point, 

^ i i 

K' = — m (u cos 6)~ = — mu cos ^9 
2 2 


(a) zero 

(b) 

(Of 

(d) 


= K cos 2 30° = 


3 K 


EXAMPLE 44 A ball is projected with a certain 
speed from a point on the ground which is at a distance of 
30 m from a vertical wall. If the angle of projection is 45° 
with the horizontal, the ball just clears the top of the wall and 
strikes the ground at a distance of 10 m from the wall on the 
other side. The height of wall must be (Take g = 10 ms -2 ) 

(a) 7.5 m (b) 10.0 m 

(c) 12.5 m (d) 15.0 m 

SOLUTION Refer to Fig. 2.29. 



30 m 


10 m 


Fig. 2.29 


Let /? be the height of the wall. Given, 

Horizontal range R = 30 + 10 = 40 m and 0 = 45° 

Now 


u 2 sin (20) 


g 


40= m 2 sin (90°) 

10 


m= %/400 
= 20 ms -1 


Let the coordinates of the top A of the wall be (x,y). Then 

x = (u cos 6)t (i) 


and 


1 - 

y = (u sin 0)t- - gt 4 


(ii) 
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where 


x = 30 m and y — /?. From Eq. (i) 


x 

t= - 

ucosO 


30 _ 3 

20 cos 45° 


From Eq (ii). 


3 1 

h = (20 sin 45°) x —== -x 10 x 

\fl 2 


( 3 ^ 


2 



= 30-22.5 = 7.5 m 


EXAMPLE 45 F rom the top of a building 25 m 
tall, a ball is thrown with a velocity of 40 ms 1 at an angle 
of 30° with horizontal. Find (a) the time taken by the ball 
to hit the ground and (b) the distance from the foot of the 
building of the point where the ball hits the grounds. Take 
g = 10 ms -2 . 

SOLUTION Refer to Fig. 2.30. 


V3 


u x = u cos # = 40 x cos 30° = 40 x — = 34.6 ms 

x 2 


-1 



Fig .2.30 

u v = u sin # = 40 sin 30° = 40 x — =20 ms -1 
y 2 

(a) Let t be the time taken by the ball to go from A to C 
via B. 

Vertical displacement S = - 25 m (downwards) 

Initial vertical velocity u v = + 20 ms 1 (upwards) 
acceleration a = - g = - 10 ms 2 

Using S = u v t + — at 2 , we have 

-25 = 20/+ - (-10)/ 2 
2 

=> -25 = 20/ - 5 / 2 

=> t 2 - 4t - 5 = 0 

The positive root of this equation is t = 5 s. 

(b) Horizontal range R = u x t 

= 34.6x 5 = 173 ni 


18. Relative Velocity in Two Dimensions 

The relative velocity of a body B with respect to body A 
is defined as 

v ba =v n ~ v A 

If vectors v, and \ B are inclined to each other at an 
angle 0 as shown in Fig. 2.31, the relative velocity v BA is 
found as follows. 


C B 



V BA = V S - V A = V B + (- V A ) 

Thus, the magnitude and direction of vector v BA can be 
found by finding the resultant of vectors v B and -v , which 
is vector OC as shown in Fig. 2.31. 

Magnitude of vector v BA is given by 

V BA = [v 2 a +v 2 b + 2v a v b cos «)' ' 


1^2 

= (v 2 a+Vb- 2v a v b cose) 

(v a - 180 ° - e) 

The angle fi which the resultant vector OC subtends with 
vector OD is given by 

OC = CD 
sin# sin fi 

. „ CD sin# VnSin 0 

=> sin B = - = -^ - 

OC v BA 


Special Case 

(i) If vector v A and v B are in the same direction, # = 0°, 
then v BA = s]v 2 a + v 2 b -2v a v b =v b -v a . 


(ii) If vector v A and v B are in opposite direction, # = 
180°, then v BA = v B + v A . 


Applications 

(i) To cross the river of width d along the shortest path 
which is PQ , the boat must move along PR making 
an angle (90° + #) with the direction of the stream 
such that the direction of the resultant velocity v is 
along PQ. Angle # is given by (see Fig. 2.32) 
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Stream 

flow 



Also 



The time taken to cross the river along the shortest 
path is given by 

_ d _ cl 

v A 2 ~ v i 

(b) To cross the river in the shortest time , the boat 
should move along PQ. The shortest time is given by 

/ - — 
v b 

At this time, the boat will reach the point R on the 
opposite bank of the river at a distance x from the 
point Q (Fig. 2.33). From the Figure, we have 

x = d tan 9 , 


to south direction (Fig. 2.34). In order to protect 
himself from rain, he must hold his umbrella in the 
direction of the resultant velocity v, which is given 
by 

v = V v] + v 2 m 


This is the speed with which the rain strikes the 
umbrella. If 9 is the angle subtended by the resultant 
velocity v with the vertical, then from triangle ORM\ 
we have 


or 


tan 6 = 


RM' _ v,„ 


OR 


v r 


9 = tan 


f v ' 


m 


V V r J 


South 



North 


Thus, the man must hold the umbrella at an angle 9 
with the vertical towards north. 


but 


tan 9 



Therefore, 



19. Uniform Circular Motion 

(i) For a body moving in a horizontal circle 

The centripetal acceleration of a body of mass m 
moving in a circle of radius R with a constant speed 
v (or angular speed co) is 



Fig. 2.33 

(i i) Holding an Umbrella to Project from Rain Let v ; . be 
the velocity of the rain falling vertically downward 
and \ m the velocity of a man walking from north 


a,. = cov = co~R = 



Centripetal force is 


f. = m a c = m or R = 


mv 2 

R 


(ii) For a body moving in a vertical circle 

The minimum speed to complete the circle when 

the body is at the top of the circle is v = yj Rg . The 
minimum speed to complete the circle when the 

body is at the bottom of the circle is v = \j 5 Rg . 
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SECTION 


Multiple Choice Questions with One Correct Choice 


1. The magnitude of the resultant of two vectors of 
magnitudes 3 units and 4 units in 5 units. What is 
the angle between two vectors? 


(a) 

K 

(b) j 

4 

2 


3 K 

(d) k 

(c) 

4 


2. The magnitude of the resultant of two equal vectors 
is equal to the magnitude of either vector. What is the 
angle between the two vectors? 

(a) 60° (b) 90° 

(c) 120° (d) 150° 

3. In Q.2, the angle between the resultant and either 
vector will be 

(a) 60° (b) 90° 

(c) 120° (d) 150° 

4. Given P = A + B and Q = A - B. If the magnitudes of 
vectors P and Q are equal, what is the angle between 
vectors A and B? 


(a) zero 


(Of 


(b) 7 

4 


(d) k 


1 


5. If A • B = — AB, what is the angle between A and B? 
(a) zero ^ (b) 30° 


(c) 60' 


(d) 90' 


1 


6 . If |A x B| = — AB, what is the angle between A and 

B? 2 

(a) zero (b) 30° 

(c) 60° (d) 90° 

7. If A • B = magnitude of A x B, then the angle between 
vectors A and B is 

(a) 30° (b) 45° 

(c) 60° (d) 75° 

8 . Given A - B = 0 and A x C = 0. What is the angle 


between B and C? 
(a) 45° 

(c) 135° 


(b) 90° 
(d) 180' 


9. The resultant of two vectors A and B subtends an 
angle of 45° with either of them. The magnitude of 
the resultant is 

(a) zero (b) A 

(c) A (d) 2 A 

10. Vector C is the sum of two vectors A and B and 
vector D is the cross product of vectors A and B. 
What is the angle between vectors C and D? 

(a) zero (b) 60° 

(c) 90° (d) 180° 

11. Given C = A x B and D = B x A. What is the angle 
between C and D? 

(a) zero (b) 60° 

(c) 90° (d) 180° 

12. The resultant of two vectors of magnitudes 3 units 
and 4 units is 1 unit. What is the value of their dot 
product? 

(a) - 12 units (b) - 7 units 

(c) - 1 unit (d) zero 

13. The resultant of two vectors of magnitudes 3 units 
and 4 units is 1 unit. What is the magnitude of their 
cross product? 

(a) 12 units (b) 7 units 

(c) 1 unit (d) zero 

14. Three vectors A, B and C are related as A * B = 
C. If vector C is perpendicular to vector A and the 
magnitude of C is equal to the magnitude of A, what 
will be the angle between vectors A and B? 

(a) 45° (b) 90° 

(c) 135° (d) 180° 

15. The magnitude of the resultant of (A + B) and 
(A-B)is 

(a) 2 A (b) 2 B 


+ B 2 


(d) ylA 2 - B 2 


(c) yfA 2 

16. In Q. 15, what is the angle between the resultant 
vector and vector A? 


(a) zero 


(b) cos 1 1 — 


(c) cos 


-1 


( B_ 

~A 


(d) cos 


-l 


A !' 

' A-B \ 
A + B , 
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17. If i and j are unit vectors along jc-axis and y-axis 

A A 

respectively, the magnitude of vector i +j will be 
(a) 1 (b) 72 

(c) 73 (d) 2 

A A 

18. In Q.17, the angle subtended by vector i + j with 
the x-axis is 

(a) 30° (b) 45° 


(c) 0‘ 


(d) 75' 


A A 


19. If i,j and k are unit vectors along x, y and 

A 

z-axes respectively, the angle 0 between the vector i 

A A A 

+ j k and vector i is given by 


(a) 6 = cos 1 ( 

v3 

2 


(b) 0 = sin 


-l 


(c) 6 = cos 


-l 


(d) 0 = sin 


l 


J 


J_ 

73 

'Ey 


20. Given that 0.2 i + 0.6 j + a k is a unit vector. What 
is the value of a? 


(a) VOJ 


(b) V(X4 


(c) Vo.6 (d) Vo.8 

21. Given A = i + j and B = i + k . What is the value of 
the scalar product of A and B? 

(a) 1 (b) 72 

(c) 73 (d) 2 

22. The cross product of vectors A and B in Q. 21 is 


A A 


AAA 


(a) i + j + k 


(b) i-j + k 


A A 


A A 


(c) i + j-k 


(d) i-j-k 


23. Given A = 2 i + 3 j and B = i + j. The component 
of vector A along vector B is 


1 


A A 


A A 


(a) ^j(i + j) 


(b) -^(i + j) 


A A 


A A 


(c) ^(i + j) 


(d) ^j(i + j) 


24. In Q.23 above, what is the component of vector A 
perpendicular to vector B and in the same plane as 

B? 


1 


A A 


(a) 7^-° 


A A 


(0 ^(j-i) 


3 A A 

(b) jjU-D 

7 A A 

(d) 72 ^ 


25. A stone falls from rest. The distance covered by 
the stone in the last second of its motion equals the 
distance covered by it during the first three seconds 
of its motion. How long does the stone take to reach 
the ground? 

(a) 4 s (b) 5 s 

(c) 6 s (d) 9 s 

'j 

26. The acceleration a (in ms ) of a body, starting from 
rest varies with time t (in s) according to the relation 

a = 3/ + 4 

The velocity of the body at time t = 2s will be 
(a) 10 ms 1 (b) 12 ms 1 

(c) 14 ms -1 (d) 16 ms’ 1 

27. Two balls of masses m x and m 2 are thrown vertically 
upward with the same speed u. If air resistance 
is neglected, they will pass through their point of 
projection in the downward direction with a speed 


(a) 


(c) 


m x u 

nu 


(/77, + ni 2 )ii 

H ~ m i) 



m 2 u 

ni\ 


(d) u 


28. The displacement y (in metres) of a body varies with 
time t (in seconds) as 

v = -— r + 16/+ 2 
3 

How long does the body take to come to rest? 

(a) 8 seconds (b) 10 seconds 

(c) 12 seconds (d) 16 seconds 

29. The velocity-time graph of a stone thrown vertically 
upward with an initial velocity of 30 ms 1 is shown in 
the Fig. 2.35. The velocity in the upward direction is 
taken as positive and that in the downward direction 
as negative. What is the maximum height to which 
the stone rises? 



(a) 30 m (b) 45 m 

(c) 60 m (d) 90 m 
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30. At t = 0, an arrow is fired vertically upwards with a 
speed of 98 ms A second arrow is fired vertically 
upwards with the same speed at t = 5 s. Then 

(a) the two arrows will be at the same height above 
the ground at / = 10 s 

(b) the two arrows will reach back their starting 
points at / = 20 s and at t = 30 s 

(c) the ratio of the speeds of the first and the second 
arrows at t = 20 s will be 2 : 1 

(d) the maximum height attained by either arrow will 
be 980 m 

31. The area under the velocity-time graph between 
any two instants t = /, and t = t 2 gives the distance 
covered in time 8t = t 2 - t\ 

(a) only if the particle moves with a uniform velocity 

(b) only if the particle moves with a uniform 
acceleration 

(c) only if the particle moves with an acceleration 
increasing at a uniform rate 

(d) in all cases irrespective of whether the motion 
is one of uniform velocity, or of uniform 
acceleration or of variable acceleration. 

32. The displacement x of a particle varies with time 
according to the relation x= ^-(l - e~ hl ). Then 

(a) At t = Mb , the displacement of the particle is 
nearly (1/3) (a/b) 

(b) The velocity and acceleration of the particle at / 
= 0 are a and ab respectively 

(c) The particle cannot reach a point at a distance 
jc'from its starting position if*' > a/b 

(d) The particle will come back to its starting point 
as / —» °o 

33. The variation in the speed of a car during its two 
hour journey is shown in the graph of Fig. 2.36. The 
magnitude of the maximum acceleration of the car 
occurs during the interval 



(a) OA (b) BC 

(c) CD (d) DE 

34. A parachutist drops freely from an aeroplane for 10 s 
before the parachute opens out. Then he descends 
with a net retardation of 2.5 ms . If he bails out of 
the plane at a height of 2495 m and g = 10 ms -2 , his 
velocity on reaching the ground will be 

(a) 2.5 ms -1 (b) 7.5 ms -1 

(c) 5 ms -1 (d) 10 ms -1 

35. A ear accelerates from rest at a constant rate a for 
some time after which it decelerates at a constant rate 
p to come to rest. If the total time elapsed is /, the 
maximum velocity acquired by the car is given by 




a + p 
ap 




t 


36. The distance travelled by the car in Q.35 above is 
given by 


(a) i 


ap 


a + /3 




a + p 
ap 


(c) i 


( ~2 


or + p 


2 > 


a 




('.2 


a L -p 

P 


2 > 


37. The acceleration of a particle, starting from rest, 
varies with time according to the relation a = kt + c, 
where k and c are constants of motion. 

The velocity v is the particle after a time t will be 
(a) k t + ct (b) (1/2) k t 2 + c t 

(c) 1/2 (kt 2 + ct) (d) kt 2 +(l/2)c/ 

38. The acceleration of a particle, starting from rest, varies 
with time according to the relation a = -s cor cos O) /, 
where s and co are constants. The displacement of 
this particle at a time t will be 

(a)- (s (O 2 sin (Ot)t 2 (b) s co sin cot 

2 

(c) s co cos co t (d) cos (o t 

39. A freely falling body, falling from a tower of height h 
covers a distance h !2 in the last second of its motion. 
The height of the tower is (take £=10 ms ) nearly 

(a) 58 m (b) 50 m 

(c) 60 m (d) 55 m 

40. A balloon is rising vertically upwards at a velocity 
of 10 ms 1 . When it is at a height of 45 m from the 
ground, a parachutist bails out from it. After 3s he 
opens his parachute and decelerates at a constant rate 
of 5 ms 2 . What was the height of the parachutist 
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above the ground when he opened his parachute? 
Take g = 10 ms 2 . 

(a) 15 m (b) 30 m 

(c) 45 m (d) 60 m 

41. In 0-40, how far is the parachutist from the balloon 
at t = 3s? 

(a) 15 m (b) 30 m 

(c) 45 m (d) 60 m 

42. In Q.40, with what velocity docs the parachutist hit 
the ground? 

(a) 10 ms -1 (b) 20 ms -1 

(c) 30 ms" 1 (d) 40 ms -1 

43. In 0-40, after how long does the parachutist hit the 
ground after his exit from the balloon? 

(a) 4 s (b) 5 s 

(c) 6 s (d) 7 s 

44. Car A is moving with a speed of 36 km h 1 on a two- 
lane road. Two cars B and C, each moving with a 
speed of 54 km h 1 in opposite directions on the other 
lane are approaching car A. At a certain instant when 
the distance AB = distance AC = 1 km, the driver 
of car B decides to overtake A before C does. What 
must be the minimum acceleration of car B so as to 
avoid an accident? 

(a) 1 ms 2 (b) 2 ms 2 

(c) 3 ms 2 (d) 4 ms 2 

45. The driver of a train A moving at a speed of 30 
ms 1 sights another train B moving on the same 
track towards his train at a speed of 10 ms" 1 . He 
immediately applies brakes and achieves a uniform 
retardation of 4 ms" 2 . To avoid head-on collision, 
what must be the minimum distance between the 
trains? 

(a) 100 m (b) 200 m 

(c) 300 m (d) 400 m 

46. A cyclist starts from the centre O of a circular track 
of radius r =1 km, reaches the edge P of the track 
and then cycles along the circumference and stops at 
point O as shown in Fig. 2.37. If the total time taken 
is 10 min, what is the average velocity of the cyclist? 



(a) 3 km h 1 (b) 6 km h 1 

(c) 9 km h 1 (d) 12 km h 1 

47. In Q.46 above, the average speed of the cyclist is 
approximately equal to 

(a) 12.3 ms" 1 (b) 13.4 ms" 1 

(c) 14.4 ms" 1 (d) 15.4 ms" 1 

48. Rain is falling vertically with a speed of 4 ms” 1 . 
After some time, wind starts blowing with a speed 
of 3 ms 1 in the north to south direction. In order 
to protect himself from rain, a man standing on the 
ground should hold his umbrella at an angle 0given by 

3 


(a) 0 = tan 1 1 - 
4 


with the vertical towards south 


(b) 0 = tan 

(c) 0= cot 1 


(3 


with the vertical towards north 
4 


(3\ 
U 


with the vertical towards south 


(d) 0= cot 


-i 


I with the vertical towards north 
4 


49. In Q.48 above, with what speed does the rain strike 
the umbrella? 

(a) 3 ms" 1 (b) 4 ms" 1 

(c) 5 ms" 1 (d) 6 ms" 1 

50. A swimmer can swim in still water with a speed of 
5 ms '. While crossing a river his average speed is 
3 ms" 1 . If he crosses the river in the shortest possible 
time, what is the speed of flow of water? 

(a) 2 ms" 1 (b) 4 ms" 1 

(c) 6 ms" 1 (d) 8 ms" 1 

51. A body, starting from rest, moves in a straight line 
with a constant acceleration a for a time interval t 
during which it travels a distance s v It continues to 
move with the same acceleration for the next time 
interval t during which it travels a distance s 2 . The 
relation between s ] and s 2 is 

(a) s 2 = s j (b) s 2 = 2s x 

(c) s 2 = 3s ! (d) s 2 = 4s { 

52. In Q.51, if is the velocity of the body at the end of 
first time interval and v 2 that at the end of the second 
time interval, the relation between v x and v 2 is 

(a) v 2 = I?, (b) v 2 = 2iq 

(c) v 2 = 3i7, (d) v 2 = 4i;, 

53. A body dropped from the top of a tower hits the 
ground after 4s. How much time docs it take to 
cover the first half of the distance from the top of the 
tower? 

(a) 1 s (b) 2 s 

(c) 2 -Jl s (d) V3 s 
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54. A body moving in a straight line with constant 
acceleration of 10 ms “ covers a distance of 40 m in 
the 4 th second. How much distance will it cover in 
the 6 th second? 

(a) 50 m (b) 60 m 

(c) 70 m (d) 80 m 

55. A body, moving in a straight line with an initial 
velocity of 5 ms 1 and a constant acceleration, covers 
a distance of 30 m in the 3 ,d second. How much 
distance will it cover in the next 2 seconds? 


(a) 70 m (b) 80 m 

(c) 90 m (d) 100 m 

56. A body, moving in a straight line, with an initial 
velocity u and a constant acceleration a, covers a 
distance of 40 m in the 4 th second and a distance 
of 60 m in the 6 th second. The values of u and a 
respectively are 

(a) 10 ms \ 5 ms 2 (b) 10 ms \ 10 ms 2 

(c) 5 ms ', 5 ms 2 (d) 5 ms 10 ms 2 


57. A body, starting from rest and moving with a 
constant acceleration, covers a distance in the 4 th 
second and a distance s 2 in the 6 th second. The ratio 

s { /s 2 is 




58. A car, starting from rest, has a constant acceleration 
a | for a time interval /, during which it covers 
a distance s x . In the next time interval / 2 , the car 
has a constant retardation a 2 and comes to rest 
after covering a distance s 2 in time t 2 . Which of the 
following relations is correct? 




“2 



(b) 

ci-> 5 , 


a 


(d) 


a - 


h 

h 


59. In Q. 58, if the total distance covered by the car is s , 
the maximum speed attained by it will be 


(a) 


(c) 


2s. 


a at 


1“2 


a \ + a 2 J 


s a ] a 2 


\ 


2 a, +a 


(b) 


(cl) 


2s. 


a \ a 2 

a \ ~ a 2 J 


2 ) 


S Cl j Cl-) 


2 a x -a 2J 


60. A car, starting from rest, is accelerated at a constant 
rate a until it attains a speed v. It is then retarded at 
a constant rate p until it comes to rest. The average 
speed of the car during its entire journey is 


(a) zero 



av 

2/3 




61. A simple pendulum is hanging from the ceiling of a 
compartment of a train. It is observed that the string 
is inclined towards the rear of the train. If follows 
that the train is 

(a) at rest (b) accelerated 

(c) decelerated (d) in uniform motion. 

62. The displacement of a body from a reference point, 
is given by 

V* =2t + 3 


where x is in metres and t in seconds. This shows that 
the body is 

(a) at rest (b) accelerated 

(c) decelerated (d) in uniform motion 

63. In Q.62, what is the initial velocity of the body? 

(a) 2 ms -1 (b) 3 ms -1 

(c) 6 ms -1 (d) 12 ms 1 

64. In Q.62, what is the acceleration of the body? 

(a) 2 ms 2 (b) 3 ms 2 

(c) 6 ms -2 (d) 8 ms -2 

65. A car moving at a speed v is stopped in a certain 
distance when the brakes produce a deceleration a. 
If the speed of the car was nv, what must be the 
deceleration of the car to stop it in the same distance 
and in the same time? 

(a) \fnci (b) na 

(c) n 2 a (d) n?a 

66 . A car is moving at a certain speed. The minimum 
distance over which it can be stopped is x. If the 
speed of the car is doubled, what will be the minimum 
distance over which the car can be stopped during 
the same time? 


(a) 4x (b) 2x 

(c) x/2 (d) x/4 

67. A bullet is fired vertically upwards with an initial 
velocity of 50 ms" 1 . It covers a distance during 
the first second and a distance h 2 during the last 3 

—7 

seconds of its upward motion. If g= 10 ms , /7 1 and 
h 2 will be related as 

(a) /?| = 3/? 2 (b) h , = 2/? 2 

(c) h { = h 2 (d) /»| = y 
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68. A ball is thrown vertically downward with a velocity 
u from the top of a tower. It strikes the ground with 
a velocity 3 it. The time taken by the ball to reach the 
ground is given by 


time and with a speed V" for the other half of the 
time. What is the average speed of the body? 


, \ u 

(a) - 

8 

, v 3 u 
(c) - 
£ 


8 

w- 

8 


69. In Q.68, the height of the tower is given by 


(a) — 
8 


70. The distance jc covered by a body moving in a straight 
line in time t is given by the relation 

lx 2 + 3 x = t 

If z? is the velocity of the body at a certain instant of 
time, its acceleration will be 

(a) - 1 > 3 (b) - 2v 3 

(c) - 3v 3 (d) - 4v 3 

1 1. The distance* covered by a body moving in a straight 
line in time t is given by 

x 2 = t 2 + It + 3 

The acceleration of the body will vary as 


(a) - 
* 


(C) T 


<b) 7 


(d) T 


72. The motion of a body is given bv the equation 

"01 -6.0-3 m 
dt 

where V(t) is the speed (in ms 1 ) at time / (in second). 
If the body was at rest at t = 0, which of the following 
statements is wrong? 

(a) the terminal speed is 2.0 ms 1 

(b) the magnitude of the initial acceleration is 6.0 


(c) the speed varies with time as V(t) = 2(1 - e ) 
ms 1 

(d) the speed is 2.0 ms 1 when the acceleration is 
half the initial value. 

73. A body, moving in a straight line, covers half the 
distance with a speed V, the remaining part of the 
distance was covered with a speed V' for half the 


2V(V'+V") 

( 2V + V'+V") 

2V'V” 

(V + V' + V") 


V (V'+V") 
(2V + V' + V") 

V'V" 

(V + V' + V") 


74. A car is moving on a straight horizontal road with a 

speed v. When brakes are applied to give a constant 
retardation a , the car is stopped in a shortest distance 
5. If the car were moving on the same road with a 
speed 3 v and the same retardation a is applied, the 
shortest distance in which the car is stopped will be 
(a) 3 5 (b) 6 S 

(c) 9 S (d) 27 5 

75. The maximum height attained by a projectile and 
its horizontal range arc equal to each other if the 
projectile is projected at an angle 6 given by 

(a) 0 = tan 1 (2) (b) 9 = tan -1 (3) 

(c) 0 = tan 1 (4) (d) 0 = tan(5) 

76. A person aims a gun at a target located at a horizontal 
distance of 100 m. If the gun imparts a horizontal 
speed of 500 ms" 1 to the bullet, at what height above 
the target must he aim his gun in order to hit it? Take 
g = 10 ms 2 . 

(a) 10 cm (b) 20 cm 

(c) 50 cm (d) 100 cm 

77. When a projectile is at the highest point of its 
trajectory, the directions of its velocity and 
acceleration are 

(a) parallel to each other 

(b) anti-parallel to each other 

(c) inclined to each other at an angle of 45° 

(d) perpendicular to each other 

78. A ball is projected horizontally with a velocity of 
5 ms 1 from the top of a building 19.6 m high. How 
long will the ball take to hit the ground? 

(a) V2 s (b) 2 s 

(c) V3 s (d) 3 s 

79. A bomb is dropped from an aeroplane when it is at 
a height h directly above a target. If the aeroplane 
is moving horizontally at a speed v , the distance by 
which the bomb will miss the target is given by 



(a) 2v 


(c) ’ if 


<b) ’ 1 


(d) v 
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80. An enemy plane is flying horizontally at an altitude 
of 2 km with a speed of 300 ms ! . An armyman with 
an anti-aircraft gun on the ground sights the enemy 
plane when it is directly overhead and fires a shell with 
a muzzle speed of 600 ms At what angle with the 
vertical should the gun be fired so as to hit the plane? 

(a) 30° (b) 45° 

(c) 60° (d) 75° 

81. In Q.80, at what minimum altitude should the enemy 
plane fly to avoid being hit? Take# = 10 ms 2 . 

(a) 12.5 km (b) 13.5 km 

(c) 14.5 km (d) 15.5 km 

82. The ceiling of a tunnel is 5 m high. What is the 
maximum horizontal distance that a ball thrown with 
a speed of 20 ms \ can go without hitting the ceiling 
of the tunnel? Take g = 10 ms -2 . 

(a) 10 n/ 3 m (b) 20>/3 m 

(c) 30 V3 m (d) 40 V3 m 

83. From the top of a tower of height 40 m, a ball is 
projected upwards with a speed of 20 m/s at an angle 
of elevation of 30°. The ratio of the total time taken 
by the ball to hit the ground to its time of flight (time 
taken to come back to the same elevation) is (Take g 
= 10 m/s 2 ) 

(a) 2 : 1 (b) 3 : 1 

(c) 3 : 2 (d) 1.5 : 1 

84. In Q.83, the horizontal displacement (from the foot 
of the tower) of the ball is approximately equal to 

(a) 50 m (b) 60 m 

(c) 70 m (d) 80 m 

85. A cannon on a level plain is aimed at an angle a 
above the horizontal and a shell is fired with a muzzle 
velocity i> 0 towards a vertical cliff a distance R away. 
Then the height from the bottom at which the shell 
strikes the side walls of the cliff is 


(a) R sin a-- 


(b) R cos a - - 


1 gR 


(c) R tan a — 


(d) R tan a — 


2 

vl sin" a 

1 

gR 2 

2 

i? ( 2 cos 2 a 

1 

gR 2 

2 

cos 2 a 

1 

gR 2 


A 0 

2 z?q sin" a 

86. It is possible to project a particle with a given velocity 
in two possible ways so as to make it pass through 
a point P at a distant r from the point of projection. 


The product of the times taken to reach this point in 
the two possible ways is then proportional to 

(a) Mr (b) r 


(c) r 


(d) \ 

r 


87. A gun kept on a straight horizontal road is used to 
hit a car travelling on the same road away from the 
gun at a uniform speed of 10\/2 ms -1 . The car is at 
a distance of 150 m from the gun when it is fired at 
an angle of 45° to the horizontal. With what speed 
should the shell be projected so that it hits the car? 
Take g = 10 ms 2 . 

(a) 20 ms -1 (b) 30 ms -1 

(c) 40 ms -1 (d) 50 ms -1 

88. In 0-87, what is the distance of the car from the gun 
when the shell hits it? 

(a) 250 m (b) 500 m 

(c) 750 m (d) 1000 m 

89. From the top of a tower of height 40 m, a ball is 
projected upwards with a speed of 20 ms -1 at an 
angle of 30° to the horizontal. If g = 10 ms , after 
how long will the ball hit the ground? 

(a) 1 s (b) 2 s 

(c) 3 s (d) 4 s 

90. A projectile has a maximum range of 200 m. What is 
the maximum height attained by it? 

(a) 25 m (b) 50 m 

(c) 75 m (d) 100 m 

91. A body thrown along a frictionless inclined plane 
of angle of inclination 30° covers a distance of 
40 m along the plane. If the body is projected with 
the same speed at angle of 30° with the ground, it 
will have a range of (take g = 10 ms ) 

(a) 20 m (b) 20 V 2 m 

(c) 20 \/3 m (d) 40 m 

92. Which of the following remains constant during the 
motion of a projectile fired from a planet? 

(a) kinetic energy 

(b) momentum 

(c) vertical component of velocity 

(d) horizontal component of velocity 

93. A body is projected with kinetic energy K at an angle 
of 60° with the horizontal. Its kinetic energy at the 
highest point of its trajectory will be 

(a) 2 K (b) K 

(c) K/2 (d) K/4 

94. A body, projected with a certain kinetic energy, 
has a horizontal range R. The kinetic energy will 
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be minimum at a position of the projectile when its 

horizontal range is 

(a) R (b) 3/?/4 

(c) R/2 (d) R/4 

95. At what angle (0) with the horizontal should a body 
be projected so that its horizontal range equals the 
maximum height it attains? 

(a) 0=tan 1 (V 2 ) (b) 0 = tan 1 ( 2 V 2 ) 

(c) 9= tan 1 ( 2 V 3 ) (d) (9 = tan' 1 (4) 

96. The horizontal distance x and the vertical height y of 
a projectile at a time t are given by 

x = at and y = ht 2 + ct 


where a, h and c are constants. What is the magnitude 
of the velocity of the projectile 1 second after it is 
fired? 

(a) [a + (2b + c) 2 ] 1/2 (b) [2a 2 + (b + cf] m 

(c) [2a 2 + (2b + c) 2 ] 1 ' 2 (d) [a 2 + (b + 2c) 2 ] 1/2 


97. In Q.96, the angle (0) with the horizontal at which 
the projectile is projected is given by 


(a) 6= tan 1 



(b) 6= tan 1 j 


(c) 6= tan 1 



(d) 0 = tan 1 j 


98. In Q.96, the acceleration due to gravity is given by 

(a) - 2 a (b) - 2b 

(c) - 2c (d) - ac + b 

99. In Q. 96, the magnitude of the initial velocity of the 
projectile is given by 

(a) {a 2 + b 2 ) m (b) (b 2 + c 2 ) ul 

(c) (a 2 + c 2 ) 1/2 (d) (b 2 -4ac) l/1 

100. Four projectiles are projected with the same speed 
at angles 20°, 35°, 60° and 75° with the horizontal. 
The range will be the longest for the projectile whose 
angle of projection is 


(a) 20° (b) 35° 

(c) 60° (d) 75° 

101. A projectile thrown at an angle of 30° with the 
horizontal has a range /?, and attains a maximum 
height h ,. Another projectile thrown, with the same 
speed, at an angle 30° with the vertical, has a range 
R 2 and attains a maximum height h 2 . The relation 
between R ] and R 2 is 

(a) * i = y (b) = R 2 

(c) R x =2R 2 (d) /?, =4R 2 


102. In Q.101 what is the relation between hj and /? •>? 

(a) hi = ^ (b) = y 

(c)h { =^- (d) /j, = h 2 

103. The maximum height attained by a projectile 
is increased by 10% by increasing its speed of 
projection, without changing the angle of projection. 
The percentage increase in the horizontal range will 
be 


(a) 20% (b) 15% 

(c) 10% (d) 5% 

104. In Q. 103, what is the percentage increase in the time 
of flight of the projectile? 

(a) 20% (b) 15% 

(c) 10% (d) 5% 

105. The maximum height attained by projectile 
is increased by 10% by changing the angle of 
projection, without changing the speed of projection. 
The percentage increase in the time of flight will be 

(a) 20% (b) 15% 

(c) 10% (d) 5% 

106. The speed of projection of projectile is increased by 
5%, without changing the angle of projection. The 
percentage increase in the range will be 

(a) 2.5% (b) 5% 

(c) 7.5% (d) 10% 


107. In Q. 106, what is the percentage increase in the 
maximum height attained by the projectile? 

(a) 2.5% (b) 5% 

(c) 7.5% (d) 10% 

108. In Q. 106, what is the percentage increase in the time 
of flight of the projectile? 

(a) 2.5% (b) 5% 

(c) 7.5% (d) 10% 

109. A projectile attains a certain maximum height when 
projected from earth. If it is projected at the same 
angle and with the same initial speed from the moon, 
where the acceleration due to gravity is one-sixth 
that on earth, by what factor will the maximum 
height of the projectile increase? 

(a) V3 (b) 3 

(c) V6 (d) 6 

110. A projectile has a range R and time of flight T. If 
the range is doubled (by increasing the speed of 
projection, without changing the angle of projection), 
the time of flight will become 
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T 

,a> 

T 

( c) ¥ 


(b) V2 T 


(d) 2 T 


111. A projectile has the same range R when the maximum 
height attained by it is either h x or h 2 ■ Then R, /?, and 
h 2 will be related as 


(a) R = 7V 7 2 
(c) R = 


(b) R = 2 

(d) /? = 47m 


112. A body is projected horizontally from a point above 
the ground. The motion of the body is described by 
the equations 

x = 2 t 

and y = 5 r 

where x and >> are the horizontal and vertical 

displacements (in m) respectively at time t. The 

trajectory of the body is 

(a) a straight line (b) a circle 

(c) an ellipse (d) a parabola 

113. What is the velocity with which the body in Q. 112 
is projected? 

(a) 2 ms 1 (b) 2.5 ms 1 

(c) 3.5 ms -1 (d) 5 ms -1 

114. What is the magnitude of the velocity of the body in 
0- 112, 0.2 second after it is projected? 


(a) V2 


ms 


-1 


(b) 2 yfl ms 1 

(c) 3 \fl ms" 1 (d) 4 \fl ms -1 

115. The velocity of the body in Q. 112 at time t = 0.2s is 
inclined with the vertical at an angle of 

(a) 22.5° (b) 30° 

(c) 45° (d) 60° 

116. A body is projected at time t = 0 from a certain point on 
a planet’s surface with a certain velocity at a certain 
angle with the planet’s surface (assumed horizontal). 
The horizontal and vertical displacements x and y (in 
metres) respectively vary with time t (in seconds) as 

x — 10 V3 / 

y = 10 t-t 2 

What is the magnitude and direction of the velocity 
with which the body is projected? 

(a) 20 ms -1 at an angle of 30° with the horizontal 

(b) 20 ms -1 at an angle of 60° with the horizontal 

(c) 10 ms 1 at an angle of 30° with the horizontal 

(d) 10 ms 1 at an angle of 60° with the horizontal 

117. What is the value of acceleration due to gravity on 
the planet’s surface in Q. 116? 


(a) 1.0 ms 2 (b) 2 ms 2 

(c) 4 ms” 2 (d) 9.8 ms" 2 

118. What is the maximum height which the body in 
Q. 116 will attain? 

(a) 25 m (b) 50 m 

(c) 75 m (d) 100 m 

119. What is the total time of flight of the body in 0-110? 

(a) 2 s (b) 5 s 


(c) 10s (d) 20 s 

120. What is the distance between the point from where 
the body in Q. 116 is projected and the point where 
it strikes the planet’s surface? 

(a) 25 V3 m (b) 50 V3 m 

(c) 75>/3 m (d) 1()0 n/ 3 m 

121. Which one of the following statements is NOT true 
about the motion of a projectile? 

(a) The time of flight of a projectile is proportional 
to the speed with which it is projected. 

(b) The horizontal range of a projectile is propor¬ 
tional to the square-root of the speed with which 
it is projected. 

(c) For a given speed of projection, the angle of pro¬ 
jection for maximum range is 45°. 

(d) At maximum height, the acceleration due to 
gravity is perpendicular to the velocity of the 
projectile. 

122. A plumb line is hanging from the ceiling of a train. 
If the train moves along a horizontal track with a 
uniform acceleration a , the plumb line gets inclined 
to the vertical at a angle 


(a) tan 1 

fcC 

(b) tan' 1 

V 




{a ) 

(c) sin 1 

(c O 

(d) cos 1 

f-) 


[gJ 


\a) 


123. A block is placed on the top of a smooth inclined 
plane of inclination 6 kept on the floor of a lift. When 
the lift is descending with a retardation a , the block 
is released. The acceleration of the block relative to 
the incline is 


(a) g sin 0 (b) a sin 0 

(c) (g - a) sin 9 (d) (g + a) sin 9 

124. A ball is projected vertically upwards with a certain 
initial speed. Another ball of the same mass is 
projected at angle of 60° with the vertical with the 
same initial speed. At the highest point, the ratio of 
their potential energies will be 

(a) 4 : 1 (b) 3 : 2 

(c) 2:3 (d) 2 : 1 
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125. Displacement (jc) of a particle is related to time (/) as 

x =at + bP-ct 3 

where a, h and c arc constants of motion. The velocity 
of the particle when its acceleration is zero is given 
by 


, , b 2 
(a) a + 

c 


(c)* + — 

3c 


(b)a+ — 

2c 


(d) « + — 
4c 


126. The angle between vectors A = 3i + 4 j + 5 k and 
B = 6 i + 8 j + 10 k is 

(a) zero (b) 45° 

(c) 90° (d) 180° 

127. A vector A is along the positive z-axis and its vector 
product with another vector B is zero, then vector B 
could be 

(a) i + j (b) 4 i 

(c) j + k (d) -7k 

128. A is a vector which when added to the resultant of 

vectors (2 i - 3 j + 4 k ) and ( i + 5 j + 2 k ) yields 
a unit vector along the 3 -axis. Then vector A is ? 

A A /V /V /V A 

(a) -3 i - j - 6 k (b) 3 i + j - 6 k 

(c) 3 i - j + 6 k (d) 3 i + j + 6 k 

129. The angle between two vectors A and B is 6. Vector 
R is the resultant of the two vectors. If R makes an 


Q 

angle — with A, then 
(a) A = 2B 


<»M-f 


(c )A=B (d) AB = 1 

130. A river is flowing from west to east at a speed of 
5 m/minute. In what direction should a man on the 
south bank of the river capable of swimming at 
10 m/minute in still water swim to cross the river in 
the shortest time? 

(a) East (b) West 

(c) South (d) North 

131. In 0- 130 above, in what direction should the man 
swim so that he crosses the river by swimming the 
shortest distance? 

(a) North (b) 60° west of north 

(c) 30° west of north (d) 30° west of south 

132. A body is thrown vertically up with a velocity u. It 
passes three points A, B and C in its upward journey 

with velocities —, — and — respectively. The ratio 

AB . 23 4 

— is 
BC 


, , 20 
a T 


(c) 


10 


(b) 2 


(d) 1 


133. A body is thrown vertically up with a velocity u. It 
passes a point at a height /? above the ground at time 
/j while going up and at time t 2 while falling down. 
Then the relation between u, /, and t 2 is 

/ x 2 ?/ „ 2 u 

(a) /j + t 2 — (b) t 2 — t\ — ■ 

g g 


u 


(c) t j + t 2 

g 


u 


(d) t 2 - t\ = 

g 


134. In Q. 133 above, the relation between t u t 2 and h is 


(a) t\ t 2 = 


2/7 


g 

(c) (U + t 2 ) 2 = — 


(b) t\t 2 =- 
g 

(d) (/j + t 2 ) 2 = — 
g 


135. A body dropped from a height II above the ground 
strikes an inclined plane at a height h above the 
ground. As a result of the impact, the velocity of 
the body becomes horizontal. The body will take the 
maximum time to reach the ground if 


(a) h 


H_ 

4 


(b) h = 


H 


2V2 




wh 'Ti 


136. A body is dropped from the roof of a multi-storeyed 
building. It passes the ceiling of the 15th storey at 
a speed of 20 ms '.If the height of each storey is 
4 m, the number of storeys in the building is (take 
g = 10 ms 2 and neglect air resistance) 

(a) 20 (b) 25 

(c) 30 (d) 35 

137. Two balls A and B are projected from the same 
location simultaneously. Ball A is projected vertically 
upwards and ball B at 30° to the vertical. They 
reach the ground simultaneously. The velocities of 
projection of A and B are in the ratio 

(a) V3 : 1 (b) 1 : V3 

(c) V 3 : 2 (d) 2 : V3 

A A 

138. A body is projected with a velocity v = (3 i + 4 j) 
ms” 1 . The maximum height attained by the body is 


(take g = 10 ms “) 

(a) 0.8 m 
(c) 80 m 


(b) 8 m 
(d) 800 m 
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139. In Q. 138 above, the time of flight of the body is 


(a) 0.8 s (b) 1.0 s 

(c) 4.0 s (d) 8.0 s 

140. A body is projected with a velocity u at an angle # 
with the horizontal. The velocity of the body will 
become perpendicular to the velocity of projection 
after a time t given by 


(a) 

2u sin# 

(b) 

u sin # 

g 

g 

(c) 

2u 

(d) 

u 

g sin 0 

g sin# 


141. A body is projected at an angle 0 with the horo/.ontal. 
When it is at the highest point, the ratio of the 
potential and kinetic energies of the body is 


(a) tan # (b) tan 2 # 

(c) cot # (d) cot 2 # 

142. The equation of motion of a projectile is y = ax - bx 2 
where a and b arc constants of motion. The horizontal 
range of the projectile is 






143. In Q. 142 above, the greatest height attained by the 
projectile is 






144. In Q. 142 above, the time of flight of the projectile is 

(a,0 /i 

-I 

145. A particle moving in a straight line covers half the 

distance with a speed of 3 m/s. The other half of 
the distance is covered in two equal time intervals 
with speeds of 4.5 m/s and 7.5 m/s respectively. The 
average speed of the particle during this motion is 
(a) 4.0 m/s (b) 5.0 m/s 

(c) 5.5 m/s (d) 4.8 m/s 

146. A car is travelling at a velocity of 10 km/h on a straight 
road. The driver of the car throws a parcel with a 

velocity of 10 >/2 km/h when the car is passing by 
a man standing on the side of the road. If the parcel 



is to reach the man, the direction of throw makes the 
following angle with the direction of the car, 


(a) 135° 

(c) tan 1 (\/2) 


(b) 45° 
(d) tan 1 


(—) 


147. The initial velocity of a particle is u = (4i + 3j) 

ms -1 . It is moving with uniform acceleration 

^ a 

a = (0.4i + 0.3j) ms . The magnitude of its velocity 
after 10 s is 

(a) 3 ms _I (b) 4 ms -1 

(c) 5 ms" 1 (d) 10 ms -1 

148. The horizontal and vertical displacements of a 
projectile at time V' are x = 36 1 and y = 48/ - 4.9/“ 
respectively where x and y are in metre and / is in 
second. Initial velocity of the projectile in m/s is: 

(a) 15 (b) 30 

(c) 45 (d) 60 


149. The displacement x of a particle moving in one 
dimension is related to time / by the equation 

t = yfx + 3 

wherex is in metres and / in seconds. The displacement 
of the particle when its velocity is zero is 


(a) zero 


(b) 4 m 


(c) 1 m (d) 0.5 m 

150. A particle initially (i.e, at / = 0) moving with a 
velocity u is subjected to a retarding force, as a result 
of which it decelerates at a rate 


a - - k'Jv 

where v is the instantaneous velocity and k is a 
positive constant. The time T taken by the particle to 
come to rest is given by 


(a) T = 



(b) T- 

k 


(c) T = 


2u }2 

k 


(d) T = 



k 


151. A particle starts from rest. Its acceleration at time 
/ = 0 is 5 ms"" which varies with time as shown in 
Fig. 2.38. The maximum speed of the particle will be 

(a) 7.5 ms -1 (b) 15 ms -1 

(c) 30 ms -1 (d) 7.5 ms -1 



Copyrighted material 



2.34 Complete Physics—JEE Main 

152. Figure 2.39 shows the variation of velocity (i?) of a 
body with position (x) from the origin O. Which of 
the graphs shown in Fig. 2.40 correctly represents 
the variation of the acceleration (a) with position (x)? 



O *o 

Fig. 2.39 



O x—O x — 


(a) (b) 



(c) (d) 

Fig. 2.40 


153. The velocity (i>) of a body moving along the postive 
x-direction varies with displacement (x) from the 
origin as v = k V* , where k is a constant. Which of 
the graphas shown in Fig. 2.41 correctly represents 
the displacement-time (x - /) graph of the motion? 



O t -- o t 

(a) (b) 



O t -- O t 

(c) (d) 

Fig. 2.41 


jZM 

,'7'4, Answers 


V' 

1. (b) 

2. (c) 

3. (a) 

4. (c) 

5. (c) 

6. (b) 

7. (b) 

8- (b) 

9. (b) 

10. (c) 

11. (d) 

12. (a) 

13. (d) 

14. (a) 

15. (a) 

16. (a) 

17. (b) 

18. (b) 

19. (a) 

20. (c) 

21. (a) 

22. (d) 

23. (c) 

24. (a) 

25. (b) 

26. (c) 

27. (d) 

28. (c) 

29. (b) 

30. (c) 

31. (d) 

32. (c) 

33. (b) 

34. (c) 

35. (a) 

36. (a) 

37. (b) 

38. (d) 

39. (a) 

40. (b) 

41. (c) 

42. (a) 

43. (b) 

44. (a) 

45. (b) 

46. (b) 

47. (a) 

48. (b) 

49. (c) 

50. (b) 

51. (c) 

52. (b) 

53. (c) 

54. (b) 

55. (c) 

56. (d) 

57. (d) 

58. (d) 

59. (a) 

60. (d) 

61. (b) 

62. (b) 

63. (d) 

64. (d) 

65. (c) 

66. (a) 

67. (c) 

68. (b) 

69. (d) 

70. (d) 

71. (c) 

72. (d) 

73. (a) 

74. (c) 

75. (c) 

76. (b) 

77. (d) 

78. (b) 

79. (c) 

80. (a) 

81. (b) 

82. (b) 

83. (a) 

84. (c) 

85. (c) 

86. (b) 

87. (d) 

88. (a) 

89. (d) 

90. (b) 

91. (c) 

92. (d) 

93. (d) 

94. (c) 

95. (d) 

96. (a) 

97. (d) 

98. (b) 

99. (c) 

100. (b) 

101. (b) 

102. (b) 

103. (c) 

104. (d) 

105. (d) 

106. (d) 

107. (d) 

108. (b) 

109. (d) 

110. (b) 

111. (d) 

112. (d) 

113. (a) 

114. (b) 

115. (c) 

116. (a) 

117. (b) 

118. (a) 

119. (c) 

120. (d) 

121. (b) 

122. (a) 

123. (d) 

124. (a) 

125. (c) 

126. (a) 

127. (d) 

128. (a) 

129. (c) 

130. (d) 

131. (c) 

132. (a) 

133. (a) 

134. (a) 

135. (c) 

136. (a) 

137. (c) 

138. (a) 

139. (a) 

140. (d) 

141. (b) 

142. (a) 

143. (d) 

144. (a) 

145. (d) 

146. (a) 

147. (d) 

148. (d) 

149. (a) 

150. (a) 

151. (b) 

152. (d) 

153. (c) 
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Solutions 

1. The magnitude R of the resultant vector R of two 
vectors A and B inclined at an angle 9 is given by R~ 
= A 2 + B~ + 2 AB cos 9 



cos 9 = 


R 2 - A 2 -B 2 _(5) 2 -(3) 2 -(4) 2 
2 AB ~ 2x3x4 


9= —. Hence the correct choice is (b). 

2 

2. R~ = A 2 + B 2 + 2AB cos 9. It is given that R = A = B. 
Putting these values we have 

A 2 = A 2 + A 2 + 2A 2 cos 0 

or cos 9 = - — which gives 9 = 120° 

Hence the correct choice is (c). 

3. From the triangle law of vector addition, it is 
clear that the vectors R, A and B in Q.2 must be 
represented by the three sides of an equilateral 
triangle because the magnitudes of the three vectors 
are equal. Hence the angle a between vectors R and 
A is 60°. Alternatively, the value of a is given by 

tana = gsing = sind (v A = B) 

A + Bcos9 l + cos0 

- S “ 120 ° -1.732 

1 + cos 120° 

which gives a = 60°. Hence the correct choice is (a). 

4. Let 9 be the angle between A and B. Then magnitudes 
of vectors P and Q arc given by 

P 2 =A 2 + B 2 + 2AB cos 6 
and Q 2 = A 2 + B 2 - 2AB cos 0 

Since P = Q, it follows that cos 9 = 0 or 9 = /r/2. 
Hence correct choice is (c). 

5. Given A*B = AB cos 6 = — AB or cos 9 = — . 

2 2 

Therefore 6 = 60°. Hence correct choice is (c). 

6. Given |A x B| = AB sin 9 = — AB or sin 9 = — . 

2 2 

Therefore 9- 30°. Hence the correct choice is (b). 

7. Given AB cos 9 = AB sin 9 or tan 9 = 1 which gives 
9= 45°. Hence the correct choice is (b). 

8. Since A • B = 0, it follows that A is perpendicular to 
B. Also A x C = 0. Therefore A is perpendicular to C. 
Hence B is perpendicular to C. Therefore, the correct 
choice is (b). 


9. As shown in Fig. 2.42, the angle 9 between vectors 
A and B is 90°. Also A = B. Therefore, the magnitude 
of the resultant is given by 



= A 2 + A 2 + 2A 2 cos 90° 

= 2 A 2 

or R = 42 A. Hence the correct choice is (b). 

10. Vector C lies in the plane containing vectors A and 
B, and vector D is perpendicular to both A and B. 
Hence D must be perpendicular to C. Hence the 
correct choice is (c). 

11. Since AxB=-BxA, C = - D, i.e. vectors C and D 
arc in opposite directions. Hence the correct choice 
is (d). 

12. Let 9 be the angle between the two vectors. The 
resultant is given by 

R 2 = A 2 + B 2 + 2AB cos 6 
Putting the values of R, A and B we get 

(1 ) 2 = (3) 2 + (4) 2 + 2x3x4xcos0 

or cos 9 = - 1 or 9 = 180° 

Now A*B = AB cos 9 = 3 x 4 x cos 180° = - 12 
Hence the correct choice is (a). 

13. The magnitude of A x B = AB sin 9= 3 x 4 x sin 180° 
= 0. Hence the correct choice is (d). 

14. Since A + B = C, vector C is the resultant of vectors 
A and B. Using the triangle law of vector addition 
(sec Fig. 2.43), we have 9 = 45° (v A = C) 

Thus, the correct choice is (a). 
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15. The resultant R of vectors (A + B) and (A - B) is 
R = (A + B) + (A - B) = 2A 

.*. The magnitude of the resultant = 2 A. Hence the 
correct choice is (a) 

16. Since R = 2A, R is parallel to A. Hence the correct 
choice is (a). 

A A A 

17. Let | i | and j | represent the magnitudes of vectors i 

A A A 

and j respectively. Since | i and | j are unit vectors, 

A A 

i = 1 and j = 1. Therefore, the magnitude of vector 


i + j =V(i) 2 + (i) 2 =J2- 


Thus, the correct choice is (b). 

A A 

18. The angle subtended by vector i + j with the x-axis 
is given by 

A 

|i| 1 

tan 6 = — = - = 1 

j 1 

or 0 = 45° which is choice (b). 


A A 


A A A A 


19. cos 6 = 


(i + j + k).i 


n + j i + ki 

(l 2 + l 2 + l 2 ) 1 2 X 1 (l + l + l) 12 xl 

1 + 0+0 1 

V3 ~V3 


A A A A 


(v j• i = k• i = 0and i i = 1) 


Hence the correct choice is (a). 


20. Here (0.2)-" + (0.6) 2 + a 2 = 1 or cf = 1 - 0.04 - 0.36, 
= 0.6 or a = VoT> . So the correct choice is (c). 

( A A \ / A A '\ A A A A. A A * * 

i +j) (i + k) = i i + i k +j i +j k =1+0 + 

0 + 0=1 

Thus, the correct choice is (a). 

( A A\ /A. A \ A A A A AAA A 

i + jjx(i + k] = ixi + ixk + jxi + jxk 

AAA 

= 0 - j - k + i which is choice (d). 

23. The component of vector A along vector B = 

a a B . , 

(A • B)B where B = —- where B is the magnitude ol 

vector B. Now 

(A-B) = (2i + 3j)(i +j) 

A A A A A A A A 

= 2i i + 2i j + 3j i + 3j j 

=2+0+0+3=5 


2 _ 


Also 


A A 


6 =« = ^iL=-L(i+j) 


5 / a a \ 

Thus, the answer is + j) which is choice (c). 

( a z'' 

i + j)-(i - j) = 0 , vector (i - j) is perpendicular 

( A A\ A A 

i + j 1. Let i - j = C. Now 

(A ■ C) = (2i + 3i)-(i-j) 

The required component is 


A A 


(A-O- = (2i + 3j)-(i-j) -^-4- 
C 11 — J | 

(v Magnitude of i - j =yj 1 + 1 = V2) 

Thus, the correct choice is (a). 

25. Let n seconds be the time taken by the stone to reach 
the ground. The distance covered in the last second = 
distance covered in n seconds - distance covered in 

1 , 1 2 

(n - 1) seconds = — gn - g(n - 1) . The distance 

2 2 

covered in the first 3 seconds = — gx (3) 2 . It is given 
that 2 

\ gn 2 ~ | g(«-l) 2 = ^ gx(3) 2 


or 


-(«- 1) 2 = 9 


which gives n = 5s. Hence the correct choice is (b). 

dv 1 1 

26. Since a = — , we have v = \ adt — | (3/ + 4 )dt 

dt J J 


3 r 


o 


+ 4/. 


o 


At t = 2s, v = — x (2) 2 + 4 x 2 = 14 ms 1 . 

Hence the correct choice is (c). 

27. For a given initial speed, the maximum height 
attained and the downward speed at the point of 
projection arc independent of the masses of balls. 
Hence the correct choice is (d). 

2 

28. Given v = — r + 16/ + 2. Comparing it with 

. 1 a 2 

s = ut + — ar , we have u = 16 ms and — = — or 
2 2 3 

4 

a = — ms . For a body to come to rest, the final 
3 
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velocity v = 0. Using these values of u, v and a in 
relation 

v = u + at 
4 

we have 0 =16 — t 

3 

or t = 12 s 

Hence the correct choice is (c). 

29. Given it = 30 ms -1 . From Fig. 2.35, the acceleration 

30 ms—^ 

a = slope of line AB = --— = - 10 ms -2 . The 

-3^ 

maximum height is reached when final velocity v = 0. 
Using the values of u , v and a in relation v 2 - u 2 = 
2 as, we have 

0 - 30 x 30 = 2 x - 10 x 5 


Hence choice (a) is wrong. At t = 0, the values v and 
a respectively are v = ae~° = a and a = - abe~° = - ah. 
Hence choice (b) is also wrong. The displacement* 

is maximum when / —> 00 , i.e ., * max = 

Hence choice (c) is correct. 

33. The acceleration is given by the slope of the speed 
time graph. The slope of the graph is maximum during 
the interval BC. Hence the correct choice is (b). 

34. The velocity of the parachutist at the end of 
10 seconds = 10 g = lOx 10 = 100 ms -1 and the 
distance fallen in 10 seconds = v 2 /2 g = 100 x 100/2 
x 10 = 500 m. The distance travelled after he bails 
out is 5 = 2495 - 500 = 1995 m. For this distance 
u =100 ms’ 1 and a = - 2.5 ms’ 2 . Therefore, the final 
velocity v is given by 



or 


.v 


30x30 

20 


= 45 m 


Hence the correct choice is (b). 

30. The two arrows will be at the same height at t = n if 
98 - 4.9/? 2 = 98 (n - 5) - 4.9 (n - 5) 2 . This gives n = 
12.5 s. The time to reach the highest point is given 
by 0 = 98 - 9.8 t i.e., t- 10 s. therefore, time of flight 
is 2 x 10s or 20 s. The speed of the first arrow at / = 
20 s is 98 ms’ 1 again while that of the second arrow 
is (98 - 9.8 x 0.5) ms 1 i.e. 49 ms’ 1 . The maximum 
heights attained are 490 m each. 

Hence the correct choice is (c) 

31. The area under the velocity-time graph always gives 
the distance covered as it is given by the integral 

i : 

| vdt which is true irrespective of whether the body 

'1 

has a uniform velocity or a uniform or non-uniform 
acceleration. Hence the correct choice is (d). 

32. Velocity of the particle is given by 


v 


dx 

~dt 


-i-(i 

dt[b y 




v 1 - u 2 = 2 as 

or v 2 = u 2 + las 

= (100) 2 - 2 x 2.5 x 1995 

which gives v = 5 ms 1 . Hence, the correct choice is (c). 

35. Let /, be the time during which the car accelerates at 
a rate a. The velocity at the end of time f, will be 

v at t x = u + at { = 0 + a/, = at x (v u = 0) 

The time during which the car decelerates is t 2 = 
t - For this time / 2 , the initial velocity is a /, and 
the final velocity is zero and the acceleration is - [3 . 
Therefore 

0 = ar, -pit-tO 

which gives /, = ^ — . Therefore, maximum 

cc + p 

apt 

velocity = v at r, = a/. = - . 

3 a + p 

Hence the correct choice is (a). 

36. The distance travelled in time /, is 

s | = ut ] + ^ at 2 = ^ at] (v u = 0) 


Acceleration of the particle is given by 

dv d / _b t \ 
a = — = —lae = -a be 

dt dr 1 

At t= 1 //>, the displacement of the particle is 



2 a ( n 

v e -- 

3 b \ 3) 


1 < 

-a 

2 v 


p 


\ 


a + p 


• • t 

• * 1 — 


p< 




a + p 


Also, the distance travelled in time t 2 is given by 


-2ps 2 = 0 2 - 


ap 
a + p 


or 




a 


a + /} 
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Therefore, s { +s 2 = ~ a 


2 \oc + p 


1 ( n \ L 

+-p -2— t 2 

2 \a + p ) 

= 1 <*P t 2 

2 a + p 

Hence the correct choice is (a). 

37. Since a = —-, we have v = f adt = f(A:/ + c)Gfr 

dt J J 

1 2 

= — kt ~ ct . Hence the correct choice is (b). 

2 

38. The velocity of the particle at time t is given by 

v = J adt 

= J (-.sro 2 cos cotjdt 

= - sco sin cot 
Now, the displacement is given by 

A' = jvdt = -sja> sin cot dt 
= s cos cot 

Thus, the correct choice is (d). 

h 1 1 (h \ 

39. We have — = — g (2 n - 1) so that n = — — + 1 . 

2 2 2 yg 


Hence h is given by 


1 1 ( h 


h = — gn = —g\~ + 1 

2 2*UU 


I f h 2 2h 

= H? + 7 + 


\fh 2 

= - — + 2h + g 

J 

Simplifying and putting g = 10 ms , we get 
h 2 - 60A + 100 =0 

The positive root of this quadratic gives h = 58 m. 
Hence the correct choice is (a). 

40. When the parachutist bails out, he shares the 
velocity of the balloon and has an upward velocity of 
10 ms , i.e.u = + 10 ms . Alsog = -10 ms ~ (acting 
downwards). The displacement in / = 3s is given by 

1 2 

s = ut + — gt 
2 

= 10x3+ ^ x(- 10) x (3) 2 
= - 15 m 


Since the displacement is negative, it is directed 
downwards. So the height from the ground when he 
opened his parachute = 45 - 15 = 30 m. Thus, the 
correct choice is (b). 

41. In time 3s, the balloon has risen through 30m (as the 
velocity of the balloon is 10 ms 1 upwards). Hence 
the parachutist is now 30 + 15 = 45 m away from the 
balloon. Thus, the correct choice is (c). 

42. The velocity of the parachutist 3s after he bails out is 

v = u + gt 

= 10 + (- 10) x 3 = - 20 ms -1 
(directed downwards) 

At t= 3s, his initial velocity is u = - 20 ms' 1 and to hit 

the ground, his displacement s = - 30 m (see solution 

_ ^ 

of Q. 40). Now a = + 5 ms “ (directed upwards). The 
time taken to hit the ground is given by 

1 7 

s = ut + — gr 

2 S 

or - 30 = - 20 / + - t 2 

2 

or t 2 - 8/ + 12 = 0 
or (/ - 6) (t-2) =0 

which gives t = 6 s or 2 s. If t = 6 s, then the velocity 
with which he hits the ground is v = u + at = - 20 
+ 5x6= 10 ms ’. This is positive, i.e. v is directed 
upwards, which is not possible. Thus the correct 
answer is / = 2 s, in which case, the velocity with 
which he hits the ground is 

y = -20 + 5x2 = - 10 ms' 1 

which is negative as it should be. Thus, the correct 
choice is (a). 

43. The total time the parachutist takes (after his exit 
from the balloon) to hit the ground is = 3 s + 2 s = 
5 s which is choice (b). 

44. Let us suppose that cars A and B arc moving in the 
positive A-direction. Then car C is moving in the 
negative A-direction. Therefore, v A = + 36 km h 1 
= + 10 ms' 1 , v B = + 54 km h 1 = + 15 ms' 1 and 
v c = - 54 km h' 1 = - 15 ms' 1 . The relative velocity B 
with respect to A is v BA = v B -v A = 15-10 = 5 ms 1 . 
The relative velocity of C with respect to A is 
v CA = v c -v A = -15-10 = -25 ms 1 . At time t = 0, the 
distance between A and B = distance between A and 
C = 1 km = 1000 m. The car C will cover a distance 
A C = 1000 m and just reach car A at a time t given by 

AC 1000 m 

t = - = -— = 40 5 

v CA 25 ms 
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Car B will overtake car A just before car C does 
and avoid an accident, if it acquires a minimum 
acceleration a such that it covers a distance s = AB = 
1000 m in time / = 40 s, travelling at a relative speed 
u = v BA = 5 ms 1 . Putting these values in relation 

1 7 

s = ut + — at 

2 


We get 


1000 = 5x40 + i x a x (40) 2 


which gives a = 1 ms “ which in choice (a). 

45. The relative speed of train A with respect to train B 
= 30 + 10 = 40 ms The minimum distance now is 
given by 

0 - (40) 2 = 2 x 4 x s 

which gives s = 200 m which is choice (b). 

. net displacement 

46. Average velocity = - 

total time 

The displacement of the cyclist in moving from P 
to O along the circumference = shortest distance 
between P and O = straight line distance PQ (shown 
by broken lines in the figure) in the direction from P 
to 0 . The net displacement in moving from O to P and 
then from P to O = resultant of vector displacement 
OP and PQ. From the triangle law of vector addition, 
the magnitude of the net displacement = OQ = 1 km. 

Now, the time taken = 10 min = — h. Therefore, 

1 6 

average velocity is 1 km/ — h = 6 km h , which is 
choice (b). ^ 

. . total distance 

47. Average speed = -. 

total time 


Total distance = O to P (along radius) + P to Q (along 
the arc) 


rn 

= r + — 
3 


v 60° = - rad 
3 


■ 


= 1 km + 1 km x 


3.14 

3 


= 2.05 km 


In order to protect himself from rain, he must hold 
his umbrella at an angle 6 with the vertical (towards 
north) given by 



OR v r 4 


Thus, the correct choice is (b). 

49. The magnitude v of the resultant velocity gives the 
speed with which the rain strikes the umbrella, which 
is given by 

v = [v 2 r + v 2 J 12 = [ 16 + 9] 1/2 = 5 ms' 1 


Hence the correct choice is (c). 

50. In order to cross the river in the shortest time, 
the resultant velocity v of the swimmer must be 
perpendicular to the velocity v w of water, as shown 
in Fig. 2.45. It follows from the figure that v<. = v + 
v\. or v~ v = v\ - v 2 = 25 - 9 = 16 or v w = 4 ms 1 which 
is choice (b). 



Average speed = 
choice (a). 


2.05 km 



12.3 km h 1 which is 


48. Velocity of rain (y,.) = 4 ms 1 vertically downwards. 
Velocity of wind (v w ) = 3 ms 1 from north to south 
direction. A rain drop is acted upon by two velocities 
v r and v w as shown in Fig. 2.44. From the triangle 
law, the resultant velocity of the rain drop is v = OW. 


51. Since the initial velocity is zero, the distance travelled 
in the first time interval t is 

. 1 1 2 

s i = 0 + — at~ = — at “ 

2 2 

The velocity of the body at the end of this time 
interval is v = 0 + at = at. This is the initial velocity 
for the next time interval t during which the body 
travels a distance. 
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1 ? 7 1 7 3 2 \ 

.v? = ut + — at" = ar + — ar = — at" (Y w = a/) 

2 2 2 

.*. .v 2 = 3 5,. Thus the correct choice is (c). 

52. Here y, = 0 - at = <7/ and i> 2 = v \ + at — at + at = 
2 a/. Therefore, i? 2 = 2z>,. Hence the correct choice 
is (b). 

53. Let h be the height of the tower. Then h = ^ g/ 2 = 


1 


- g(4) 2 = 8g. 


/? 


The time / taken to fall through — = 4g is given by 

2 

h 1 2 < 1 2 o _ ^ nr 

— = — 2 t or 4g = — g/ or / = 8 or t = 2v2 s. 

2 2 2 

Thus, the correct choice is (c). 

54. The distance covered in the /7th second is given by 


s n =11 +a 


s 4 = u + a 


' P 

/7- 

v 2 y 


t 


4-1 
2 


\ 


= w + — a 
2 


or 


40 =w + — x 10 or u = 40 - 35 
2 


= 5 ms 


i 


s A = 5 - 10 x 


6 - —^ 

2 ) 


which gives s 6 = 60 m. 

Thus, the correct choice is (b). 

( P 

55. Now, s„ — u + a n — . Therefore, 

" l 2) 


30 = 5 + a 


s A = 5 + 10 


t 


3- - 
2 , 

4- 1 
2 


1 

and s* = 5 ~ 10 I 5- 

1 2 ) 


which gives a = 10 ms 


= 40 m 


= 50 m 


-2 


.*. s = s 4 + s 5 = 40 + 50 = 90 m. Thus the correct 
choice is (c). 

la 


56. Given 40 = u + 

and 60 = u + 


2 

11a 


These equations give u = 5 ms 1 and a = 10 ms 2 . 
Thus, the correct choice is (d). 

57. Since u = 0, we have 

la la 


s j — 0 + 


2 2 


and 


s 2 = 0 + 


1 la 1 la 


2 2 

s l /s 2 =7/11, which is choice (d). 


58. Since the initial velocity of the car is zero, its velocity 
at the end of the first time interval /, is v = 0 + a,/, 
= a,/,. This is the initial velocity for the next time 
interval / 2 . Since the final velocity is zero, we have, 
from v = u + at , 

o =a ] t\ - a 2 t 2 (v U = a x /,) 

Now, the distance covered in the first time interval /, 
is given by 

_ 2 7 2 2 

2a \S , =v -u =a x t\ 

(v v = a,/, and u = 0) 

1 2 

or s x = - a t t | (l) 

The distance covered in the next time interval t 2 is 


given by 


- 2a 2 s 2 = 0 - a 2 1 \ 


(v v = 0 and u = a l t ] now) 


or 


_ _ 1 «i ,2_ 1 alt] 

l j 


2 a 2 2 a 2 


or 


1 2 

*?2 — 2 ^ 2 ^ 2 


(y a,/, a 2 / 2 ) 

(ii) 


From (i) and (ii) we get 


= = a 1 / 1 = a 2 / 2 ) 


^2 ^2 


a, af / 2 2 


a, 


•*2 _ _ ^2 


Thus we have — = — L = — which is choice (d). 


a 2 t x 


59. The maximum speed v attained by the car = speed 
it attains at the end of time interval /, during which 
it is accelerated. As shown above, this speed is 
v = a, / j = a 2 t 2 . 


Now 

• 2 

5 i = 2 a i'i = 

v z 

(V 

v = a x t i) 


2a, 

and 

_ 1 2 _ 
s 2 ~ a 2^2 

2 

V 

^ .. 

(V 

v = a 2 t 2 ) 


v 


~ u 2 
2 / 


.S’ = .S’, + S 7 = — 
2 


1 1 

— + — 


v a \ a 2 j 


or 


v = 


2 ,. 


-|l/2 


a \+a 2 


Hence the correct choice is (a). 
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60. The distance s x covered by the car during the time it 
is accelerated is given by 2as x = v 2 , which gives s x 
= v 2 /2a. The distance s 2 covered during the time the 
car is decelerated is, similarly given by s 2 = v 2 /2p. 
Therefore, the total distance covered is 


v 

S = Si + S'* = — 




1 1 

-1- 

a [5 


\ 


(0 


If t A is the time of acceleration and t 2 that of 
deceleration, then v = a/, = pt 2 or /, = v/a and t 2 = 
v/p. Therefore, the total time taken is 


t = /.+/<> = t; 


1 1 x 

—I— 

a p 


(ii) 


From (i) and (ii), the average speed of the car is given 
by 

total distance _ s __ v 
total time t 2 


Hence the correct choice is (d). 

61. If the train is at rest or in uniform motion, its acceleration 
is zero. The only acceleration acting on the bob is the 
acceleration due to gravity. Hence the string will be 
vertical. Hence choice (a) and (d) are not possible. The 
string is inclined along the direction of the resultant of 
the acceleration a of train acting horizontally and the 
acceleration due to gravity g acting vertically. In Fig. 
2.46, vector a r is the resultant of vectors a and g (use 
triangle law). Hence, the string is inclined opposite 
to the direction of the acceleration of the train. Thus 
the correct choice is (b). 



Fig. 2.46 


62. Squaring both sides, we have 

.v = 12/ + 4/ 2 + 9 


Since displacement * changes with time /, the body 
cannot be at rest. The velocity of the body is given by 


v 


cix 

~dt 


= 12 + 8 1 


Since the velocity v changes with time /, the body 
is not in uniform motion; it is accelerated because v 
increases with t. Hence the correct choice is (b). 


63. We have seen that v = 12 + 8/. Comparing it with v 
= u + at we find that u = 12 ms -1 . Hence the correct 
choice is (d). 

64. Now v = 12 + 8/. Comparing it with v = u + at, we 

—T) 

find that a = 8 ms . Alternatively, acceleration a is 
given by 

a = — = +(12 + 8 ?) =8 

dt dt 

or a = 8 ms -2 . Hence the correct choice is (d). 

65. The distance over which the car can be stopped is 
given by 2 as = v or a = v~!2s. If v becomes nv , the 
value a of a to stop the car in the same distance is a 
= (nv) 12s = n v /2s. Thus a = n~a. Hence the correct 
choice is (c). 

66. Let a be the maximum retardation the brakes of the 
car can produce. Then 2 ax = v 2 . If v is doubled to 
2v , then the minimum distance* is given by 2 ax = 
(2 vy = 4v . Thus * = 4*. Hence the correct choice 
is (a). 


67. 


The total time taken by the bullet to reach the highest 
point (where its velocity becomes zero) is given by 
0 = u - gt or / = u/g = 50/10 = 5 s. The distance it 
covers in the first 1 second of its upward motion is 


=ut- - gt 2 = 50 x 1 - - x 10x(l) 2 = 50-5 = 
45 m. ^ ^ 


Now, the velocity of the bullet at the end of first 2 
seconds is V = u-gt = 50 - 10x2 = 30 ms -1 . This is 
the initial velocity for the last 3 seconds of upward 
motion. The distance covered in the last 3 seconds is 

h 2 = 30 x 3 - ^ x 10 x (3) 2 = 90 - 45 = 45 m. Thus 
h , = h 2 , which is choice (c). 


68. From v = u + gt, we have 3u = u + gt or 2 u = gt or 
/ = 2 u/g. Hence the correct choice is (b). 

69. From 2gh = v 2 - tr, we have 2 gh = (3it) 2 - u 2 = 8/r 
or h = 4 ic/g. Hence the correct choice is (d). 

70. Differentiating 2x + 3.v = / with respect to / we have 


. dx 3 d.x 

4.x — +- 

dt dt 




Now — = v. Therefore, 4xv + 3v = 1 or 4* + 3 = 
dt 

\/v. Differentiating Eq. (i) with respect to time /, we 
have 


or 



+ 4* 


d 2 x 
~d? 


+ 3 


d 2 x 

dt 2 



4v 2 + 4 xa + 3 a = 0 
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or 


where a = 


4v‘ 


a = 


4*+ 3 


(ii) 


d 2 x . 


dt 2 


is the acceleration. But 4x + 3 = Mv. 


Using this in Eq. (ii) we get a = - 4ir\ Hence the 
correct choice is (d). 

71. Given, x 2 = / 2 + 2/ + 3. Differentiating, we have 

_ dx _ dx 

2x — = 2t + 2 or x —= f+l (i) 
dt dt 

Differentiating again, we have 


(dx\ 
\ dt j 


+ x 


d x 
dt 2 


= 1. 


or x 


v dt j 


3 2 

+ X =x 


(ii) 


d 2 x 

Where a = — j- is the acceleration. Using (i) in (ii) 
we have ^ 

(t + l) 2 +x 3 a = x 2 

or / 2 + 2/ 4- 1 + x 3 a = x 2 (iii) 

But it is given that x 2 = t 2 + 2t 4- 3. Using this in Eq. 
(iii) we get a = 2/x 3 . Hence the correct choice is (c). 


72. Given = 6.0-3F(f) 

dt 


(i) 


Since at t = 0, F(0) = 0 (given), the acceleration at / 
= 0 is 

dV{t)\ 


a(0) = 


dt 


= 6.0-0 = 6.0ms 2 


/=0 


Thus, choice (b) is correct. To check whether choice 
(c) is correct, differentiating V(t), given in choice (c), 
with respect to t , we get 


dVQ) 

dt 




dt 

= 2— (1 -e i, ) = 6e* 
dt 


Hence, choice (a) is correct. Finally, let us check 
choice (d). The acceleration will be half the initial 
value, i.e., it will be equal to 6.0/2 = 3.0 ms 1 at time 
t * given by [use Eq. (i)] 

3.0 =6.0-3 V(t m ) 

V(f) = 1 

2(1 -e 3 '*) = 1 


or 

or 

or 


e“ 3 '* = 0.5 


or -3 1 \ne = In (0.5) 
or -3/* = - 0.693 

or t* = 0.231 s 

Putting this value oft in Eq. (ii) we have 

V(at t = 0.231 s) = 2(1 - e - 3x0 - 231 ) 

= 2(1 - e“ 0693 ) = 2(1 -0.5) 

- 1.0 ms" 1 

so choice (d) is wrong. 

73. Let the total distance be 2 s and let t ] and t 2 be the 
times taken to traverse the first half and the second 
half of the distance respectively. Then /, = slV . For 
the second half of the distance, the distance .v, is 

tj . . t-y 

covered in time — with speed V' is s* = V' — and 

2 2 

h 

the distance s 2 is covered in time — with speed V' 

is s 2 = K" —, so that s = j, + s 2 = V'^ + V"^ =(V' 
/ 


+ V") -2- , which gives 


U = 


25 


(V' + V") 


Total time taken = /,+/- 


s 


2s s( 2V + V' + V") 


V V' + V 


// 


V(V'+V") 


= 6-6(1 - e 3 ') = 6 - 3V(t) 

(v V(t) = 2(l-e" 3 ')] 

which is Eq. (i). Hence choice (c) is also correct. 
Now let us check if choice (a) is correct or not. 
Terminal speed is the speed at time /—>«>. Putting t 
—> oo in 

V(t)= 2(1-<T 3 ') (ii) 

We have 

K(°o)= 2 (1 -<?"”) = 2(1 - 0) = 2 ms" 1 


TT . total distance 

Hence average speed = - 

total time 

= 2s xV (V' + V") _ 2V{V' + V") 
s(2V + V' + V")~ (2V + V' + V") 

Thus, the correct choice is (a). 

74. The shortest stopping distance S is given by 

0 - v 2 = - 2 aS 
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V n n 2 

or S = — . Thus, for a given value of a, S v . If 

2a 

v is inereased by a faetor of 3, S will increase by a 
factor (3) = 9. Hence the correct choice is (c). 

75. The maximum height (//" sin“ 6/2g) and the horizontal 
range (= u sin 26/g) are equal if sin Of2 = sin 26 - 
2 sin 6 cos 6 or tan 6 = 4 or 6 = tan 1 (4). Hence the 
correct choice is (e). 

76. The bullet covers a distance of 100 m in time 
t = 100/500 = 0.2 s. The vertical downward distance 

1 . 1 ? 

moved in time t = 0.2 s is — gt = — x 10 x (0.2)" = 

2 2 

0.2 m = 20 cm. Hence the correct choice is (b). 

77. At the highest point of the trajectory, the velocity 
of the projectile is parallel to the ground but its 
acceleration is directed vertically downwards. Hence 
the correct choice is (d). 

78. The time taken to reach the ground is independent of 
the horizontal velocity of projection. Since the initial 
downward velocity is zero (the initial velocity has 
only a horizontal component), the time of flight is 
given by 

h = - gt 2 

2 


which gives 


t = 


2h _ 

f 2x19.6^ 

g 

V 9.8 J 


1/2 


= 2 s 


Hence the correct choice is (b). 

79. The time taken by the bomb to hit the ground is given 
by (as shown above) 


t = 


} 2_h_ 

g 


Now, the horizontal speed of the aeroplane (and also 
of the bomb) is v. 

Horizontal range = horizontal velocity x / 


= vt= v. 


2h 



Fig. 2.47 


Let the shell hit the plane at point P and let t be the 
time taken for the shell to hit the plane. It is clear that 
the shell will hit the plane, if the horizontal distance 
EP travelled by the plane in time t = the distance 
travelled by the shell in the horizontal direction in 
the same time, i.e., uxt = v x x t or // = v x = i> 0 cos 6 


or 


cos 6 = — 


300 

600 


= 0.5 or 6 = 60°. Therefore 


angle with the vertical = 90° - 6 = 30°. Hence the 
correct choice is (a). 


81. To avoid being hit, the plane should have a minimum 
altitude = maximum height attained by the shell 
which is 


h 


max 


Vq sin 2 0 _ (600) 2 x sin 2 (60°) 
2 g ~ 2x10 


= 13.5 x 10 3 m= 13.5 km. 


which is choice (b). 

82. Given h milx = 5 m, u = 20 ms 1 and g = 10 ms 2 . We 
know that 


h 


max 


u 2 sin 2 6 
2 g 


or 


sin 6 = 


l >^psh mm =~x^2x\0x5 =0.5 
u 20 


which gives 6= 30°. Therefore 


Hence the correct choice is (c). 

80. Let G be the position of the gun and E that of the 
enemy plane flying horizontally with speed u = 300 
ms ', when the shell is fired with a speed v Q = 600 
ms 1 in a direction 6 with the horizontal (Fig. 2.47). 
The horizontal component of v 0 is 

v x = v 0 cos 6 


D — 

IX max 


u 2 sin 26 (20)- xsin60 c 


g 


10 


= 20n/3 


m 


Hence the correct choice is (b). 

2z/sin0 2x20x0.5 


83. The time of flight t f = 


10 


2 s. The initial downward velocity = 20 sin 30° = 
10 ms 1 . The time taken to fall through a height of 40 
m with velocity 10 ms 1 is given by 
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or 


40 = 10 x / + — x 10 x/ 2 
2 


r + 2t - 8 =0 


which gives t = 2s. Hence the total time to hit the 
ground = /, + / = 2 + 2 = 4 s. Thus, the correct choice 
is (a). 

84. The horizontal distance covered in 4s = 20 x cos 30° 
x 4 = 70 m. Hence the correct choice is (c). 


85. The time taken to move a horizontal distance R is t = 
R/(v 0 cos a). Therefore, the vertical distance moved 
in this time is given by 


. 1 2 
h = “o' - 2 gt 


= v Q sin a x 


R 


v 0 cos a 


1 

2 g 


R 


v 0 cos a) 


= R tan a - 


gR 


2vl cos 2 a 


which is choice (c). 

86. The range of a projectile is r = 2v q cos 0 sin 0/g, the 
two possible angles of projection are 0 and (90° - ©). 
The time of flight corresponding to these two angles 
are 


'i = 


2v 0 sin© 
g 


and 


2v 0 sin(90°-©) _ 2u 0 cos© 
t 2 - 

g g 


so that t x t 2 = 


Avl sin © cos© 2r _ 

0 - . Thus t x t 2 oc r. 


g g 

Hence the correct choice is (b). 


87. Let at / = 0, O and A are the positions of the gun 
and the car (Fig. 2.48). Let us say that at time 
* = the shell and the car reach B simultaneously so 
that the shell hits the car when it is at a distance OB 
from the gun. Let a be the speed of projection of the 
shell. Then, initial horizontal component of velocity 

of the shell = it cos 45° = , and initial vertical 

v2 

component = n sin 45° = w/ V2 . Therefore, the time 


2 it 


of flight = -- \l2u!g . The car takes this time 
V 2 £ 


to cover the distance AB while the shell covers the 
distance OB in this time. Now OB = OA + AB = 
150 m + AB. Distance AB is given by 



-*-150 m—► 


Fig. 2.48 


and 


AB = 10 V2 xy/2x- =20 it/g 

g 

U yflu 2, 

OB = —j= x- = u /g 

V 2 


u 


g 


= 150 + 


g 

20 // 


or u 2 - 2Of./ - 1500 =0 


(v g = 10 ms 2 ) 

The positive root of this quadratic equation is 
u = 50 ms -1 . Hence the correct choice is (d). 

88. The distance of the car from the gun when the shell 
hits is 

OB = — = X ^ = 250 m, which is choice (a). 


g 


10 


89. The horizontal range R = AC is 

u 2 sin 20 20 x 20 x sin 60° 


R = 


g 

= 20 n/ 3 m 


10 


At C, the velocity of the ball is again 20 ms 1 directed 
down as shown in Fig. 2.49. 


20 ms 


i 
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The downward vertical component of this velocity is 
20 sin 30° = 10 ms -1 . The ball will hit the ground at 
D after travelling a vertical distance h = 40 m. If t { is 
the time taken for this, then 

h =+ ^gt 2 \ 

or 40 = 10 /, + 5 t\ 

or t\ + 2 /( - 8 = 0 

The positive root of this quadratic equation is / , = 2s. 
Now, the time of flight from A to C via B is 

_ 2wsin0 _ 2 x (20) x sin 30° 

t-y — 

g 10 

2 x 20 x sin 30° 

=- = 2 s 

10 

Total time taken = t x + t 2 = 2s + 2s = 4s. Hence the 
correct choice is (d). 

90. For maximum range 6 = 45°. I fence R nvdX = u 2 lg and 
h mm = u 2 /4g. Thus h m3X = R m J4 = 200/4 = 50 m. 
Hence the correct choice is (b). 

91. Let u be the initial speed with which the body is 
thrown along the inclined plane. As shown in Fig. 
2.50, the effective deceleration is given by 

a = g sin 6 


= g sin 30° = - = 5 ms 2 
2 

The body stops after covering a distance, say, s 
along the plane, which is given by - 2as = 0 - u 2 

or u = yjlas = yj 2 x 5 x 40 = 20 ms ’.A projectile 
projected at angle 9 = 30° with this speed will have a 
range of 

_ u 2 sin 20 20 x 20 x sin 60° r- 

R= -=-= 20v3 m 

g 10 



Hence the correct choice is (c). 

92. Since the velocity of the projectile changes 
continuously, both kinetic energy and momentum 
undergo a change with time. Only the vertical 
component of velocity changes due to gravity; the 


horizontal component always remains constant. 
Hence the correct choice is (d). 

93. At the highest point, the velocity has only the 
horizontal component v x = v cos 9 = v cos 60° = 

v/2. Now kinetic energy — mv 2 is proportional to 

v 2 . Since the velocity is reduced to half, the kinetic 

energy becomes one-fourth, i.e., KI4. Hence the 
correct choice is (d). 

94. Kinetic energy is minimum when the projectile is 
at the highest point of its trajectory. At the highest 
point, its range = half the horizontal range. Hence 
the correct choice is (c). 


95. Now R = 


u 2 sin 29 


and h 


max 


u 2 sin 2 9 

2g 


. Given 


R = h uyiK . Therefore sin 29= s * n _^ or2sin0cos0 = 

2 


sin 2 9 


or tan 9 = 4. Hence the correct choices is (d). 


96. The horizontal component of velocity is 

d x d 
v= — = — 

* dt dt 



The vertical component of velocity is 

v = ^- = — [bt 1 +c/) =2 bt + c 
} dt dt 1 } 




The value of v v at / = 1 s is (2b + c). Therefore, the 
magnitude of velocity at t = 1 s is 

v = (v 2 x + v 2 ) 1/2 = [a 2 + (2b + c ) 2 ] 1/2 
Thus, the correct choice is (a). 

97. If a projectile is projected with an initial velocity u 
at an angle 9 with the horizontal, the horizontal and 
vertical components of its velocity at time t arc given 
by 

v x = u cos 9 (iii) 

and v y = u sin 9-gt (iv) 

Comparing (iii) and (iv) with (i) and (ii) above we 
have u cos 9 = a and u sin 9 = c. Dividing, we get, 
tan 9= da. Hence the correct choice is (d). 

98. Comparing (iv) with (ii) we have g = -2b.\ lence the 
correct choice is (b). 

99. We have seen above that a cos 9 = a and u sin0 = c. 
Squaring and adding we get: u = a~ + d or 
u = (a 2 + c 2 ) 12 . Hence the correct choice is (c). 
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100. Range R = u 2 sin 20/g. For the same u, R sin 20. 
Since sin 20 is the largest for 0 = 35°, the correct 
choice is (b). 

101. The range is the same for 0 and (90° - 0). Hence 
R , = R ? for 0= 30 ° or 60 °. Thus the correct choice is (b). 

_. . w sin 0 . . . n , , 

102. Since /? max = - and u is the same tor both 

2g 

projectiles, we have 

h, sin 2 30° 1 , h 2 

—-=- z -= - or hi = — . 

h 2 sin 2 60° 3 3 

Thus the correct choice is (b). 

*y 2 ^ 

103. We know that h = -. The increase S h in h 

2g 

when it changes by 8 it can be obtained by partially 
differenting this expression. Thus 

2«<5wsin 0 

Sh = “ 

2 g 

Sh 28 it 

• _ __ _ 

• • 

h u 

8 h 

Since /? is increased by 10%, — =0.1. Therefore, 

h 


28 it 


= 0 . 1 . 


u 


Now, range R - Therefore, 


5 R = 


g 

2u 8 //sin 20 
g 


8 R 28u Sh 

— =- = — = 0.1 

R u h 

Thus 8R = 0.1 R. Hence R also increases by 10%. 
Thus, the correct choice is (c). 

104. The time of flight is T= Sltl . Therefore 

g 

28 it sin 0 
8T= - 


g 

which give 


ST Su 
T ~ u 


X XT' 

But — = 0.05. Therefore — = 0.05 


it 


T 


or 8 T= 0.05 T. Hence T increases by 5%. Thus, the 
correct choice is (d). 


iC sin 2 0 

105. Given h =-. Differentiating partially we get 


2g 


u 


(v v 0 = constant) 8h = — 2 sin 0 cos 0 80. Thus 

2g 


Sh 2cos080 


h 


sin# 


= 0.1 (given). 


Therefore, cos ^^ = 0.05. We also have 

sin0 

2u sin 0 .... 2i/cos 080 

7 = - which gives of = -. Thus 


g 


g 


ST cos 08 0 cos 08 0 

. But - = 0.05. Iherefore, 


T sin 0 
ST 


sin0 


= 0.05 or 8T = 0.05 T. Hence T increases by 


5%. Thus the correct choice is (d). 


106. We have seen above that = -—- = 2 x 0.05 = 0.1 


R 


n 


( Sit \ 
v — = 0.05 
V u 


ox SR = 0.1 R. Hence, R will increase 


by 10%. Thus, the correct choice is (d). 

8 h 2 8 it 

107. We have seen that —-=——= 2 x 0.05 = 0.1 or 

h u 

Sh = 0.1 h. Hence h increases by 10%. Thus, the 
correct choice is (d). 

108. Now — =— = 0.05 or ST = 0.05 T. Thus, T 

T u 

increases by 5%. Hence, the correct choice is (b). 

109. Let h e and h m be the maximum heights attained by 
the projectile when projected from earth and moon 
respectively. Now 

. u 1 sin 2 0 , . u 2 sin 2 0 . . , . 

Ik = - and /?... = - which give 


2g ( 


m 


2 8,n 


h g 

= —- = 6. Hence the correct choice is (d). 
h g 


m 


110. Now R = 


2irsin0cos0 . 4w 2 sin 2 0 


and T 2 = 


g g 

From these two equations we have T 2 = 2R tan 0 or 

T °c \Fr . Hence the correct choice is (b). 
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111. The range of a projectile is the same for two angles 
of projection 9 and 90° - 9. For these two angles of 
projection, the maximum heights are 

. it 2 sin 2 9 
h i = - and 

2 g 



Which give R 2 = 16 h x h 2 or R = 4 yjh , h 2 .1 lencc the 
correct choice is (d). 

112. Given x = 21 and y = 5/ 2 . Eliminating t we get 



. 2 
i.e. y oc x 


Hence, the trajectory of the 


body is parabolic. Thus, the correct choice is (d). 

113. Let u be the velocity with which the body is projected 
and g be the acceleration due to gravity. Then, we 
have 


a 1 2 

x = u t and y — - — gt 


Thus, the magnitude of the velocity of projection 
is the coefficient oft in the expression for a*. Now, 
given that x = 21. Hence it = 2 ms -1 which is choice 
(a). 

114. The a and y components of velocity are 

dx d ^ _i 

v x = — = — ( 2 /) = 2 ms 
* dtdt 

dy d ? N 

and v = — = — (50 = 1 Or 

y dt dt 

At t = 0.2 s, v v = 10 x 0.2 = 2 ms" 1 . The magnitude 
of velocity at t = 0.2 s is 

v = (v 2 x + v 2 ) 1/2 = yj4 + 4 -2^2 ms 

Hence the correct choice is (b). 

115. The angle of the velocity vector with the vertical at 
time t is given by 

u 

tan a = -— 

I g\t 

We have seen that it = 2 ms -1 . Comparing 


I 2 2 i 

y — - — g/~ with y = 5t , we get, - — g = 5 or 

g = - 10 ms -2 . Therefore, at t = 0.2 s, 

2 

tan a = - = 1 

|— 10 | x 0.2 

which gives a = 45°. Hence the correct choice is (c). 

116. We know that the position coordinates a and y are 
given by 

a = (it cos 9)t (i) 


y =(u sin 0)t -- gt 2 


Comparing Eq. (i) with a = 10n/ 3 /, we have, 
it cos 6 = H)V3 ms '. Also, comparing Eq. (ii) 
with y =10/- f 2 , we have, w sin 0=10 ms -1 . These 
equations give a 2 = 10 2 + 10 2 x3 = 400 or a = 20 

ms 1 and tan 0 = - 7 = which gives 9 = 30°. Hence 

V3 

the correct choice is (a). 

117. Comparing y= I0t-t 2 with Eq. (ii) above, we get,- 1 

g 

= -— org = 2 ms . Hence the correct choice is (b). 

118. We have seen above that it = 20 ms -1 , 9 = 30° and 
g = 2 ms 2 . Now, the maximum height attained is 


, u 2 sin 2 6 (20 ) 2 x sin 2 30° _ 

h = -= -—- = 25 m 

2 g 2 x 2 

Hence the correct choice is (a). 

119. The time of flight is 

_ 2usin9 2 x 20 x sin30° 

T = -=- = 10 s 

8 2 


Thus, the correct choice is (c). 

120. The horizontal range is 

R. ffjgjg.CO’xsi-a)’ - I0OJ3 m 

S 2 

Hence, the correct choice is (d). 

121. Since R u , choice (b) is incorrect. 

122. When the train is at rest or moving with a uniform 
velocity, the plumb line hangs vertically along OB 
(Fig. 2.51). If the train moves with an acceleration a , 
the plumb line gets inclined along OC, the direction 
of the resultant of accelerations a and g. It is clear 
from the figure that tan 9 = a/g. Hence the correct 
choice is (a). 
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A 


a 


O 



Plumb line 


123. When the lift is descending with a retardation 
(negative acceleration) a , the effective value of g is 
g e ff=g + a. The component of this acceleration along 
the inclined plane is g cff sin 9 = (g + a) sin 9. Hence 
the correct choice is (d). 

124. The maximum height attained by the first ball is 

.2 


h \ = 


U 


2 g 


where u is the initial speed of projection. The 
maximum height attained by the second ball is 
(v 9= 90° - 60° = 30°) 


h 2 = 


2 • 2 

u sin 


(30°) _ u 


2 g 


8 g 


Now, PE of ball 1 at height /?, = mgh x and that of 
ball 2 at height h 2 = mgh 2 . Therefore, the ratio of 


. . . Ih u 

potential energies = — = — x 

correct choice is (a). ^ u 

d x 

125. Velocity is v = — = a + 2 ht - 3 ct 


dt 


Acceleration is a = 


= 4. Hence the 


(i) 


d 2 x 
dt 2 


= 2 h — 6 ct 


Acceleration is zero at time t given by 0 = 2b - 6 ct 

or / = —. Putting this value of / in Eq. (i). 

3 c 


We have 


_. b b‘ 

v = a + 2b -3c x 


3c 


9c‘ 


= a + 


3c 


Thus, the correct choice is (c). 

126. We know that A • B = AB cos 9 

A B = (3 i + 4 j + 5 k ) 


(i) 


• (6 i + 8 j + 10 k) 

= 3x6 + 4x8 + 5x 10 
= 100 (ii) 


The magnitudes of A and B are 

A = V(3) 2 +(4) 2 +(5 ) 2 = V50 


(iii) 


and B = yj( 6) 2 +(8) 2 +(10) 2 = V200 (iv) 

Using (ii), (iii) and (iv) in (i), we have 

100= V50 X V200COS 0= 100 cos 0 

or cos 0=1 or 9- zero, which is choice (a). 

127. The vector product of two non-zero vectors is zero if 
they are in the same direction. Hence, vector B must 
be parallel to vector A, i.e. along ± z-axis. Thus the 
correct choice is (d). 

128. Given A + (2 i - 3j + 4k) + (i + 5j + 2 k) = 1 j 

A A A 

or A = - 3 i - j - 6 k , which is choice (a). 

129. The angle a which the resultant R makes with A is 
given by 


tan a = 


Bs‘\n9 


A + Bcos0 


given 


9 

a = —. Hence 
2 


tan 


sin 


or 


k2) 

9 
2 


Z?sin0 


A + B cos0 


2 B sin 

(d ) 

(9\ 

cos 


<2, 

\2) 


cos 


9 

2 


A + B cos 9 


, 6 

which gives A + B cos 9=2B cos" | — 


or A + B 


2 cos 2 [ — I - 1 


= 2 B cos* 


(6 

k 2 


which gives A = /?, which is choice (e). 

130. Refer to Fig. 2.52, where u is velocity of water 
current. Let v be the velocity of the man and let AB 
= w be the width of the river. The river is crossed 
with a velocity equal to the component of v along 
AB , which is v cos 0 , where 0 is the angle between 
the north direction and the direction of velocity v. 


Time taken to cross the river = 


w 


i?cos 0 
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u B 


N 

A 



w 


This time is the shortest if 0 = 0°. Hence the man 
should swim in the north direction, which is choice 
(d). 

131. The distance will be the shortest if the resultant of 
velocities u and v is along AB. Thus, 

u 5m/min 1 

2 


sin 0 = — = 

v 10 m / min 


or 


9= 30°, 


i.e., He should swim 30° west of north, which is 
choice (c). 


132. 


- 2 g (AB) = 




V 3 


fu 

,2 


u‘ 


u 

7 


Sir 

36 


(0 


and 


2 g {BC) = 


'tC 2 

\ 4 

16 


it 


<U_\ 2 

13> 

2 


hr 

144 


(ii) 


/.x u /..x AB 20 u* u 

Dividing (l) by (n), we get - = — which is 

choice (a). ^ 


133. We know that 

2 u 


, 1 2 
h = ut - gt 

2 


or 


2 

t 


2h 

t + — =0 
g 


The roots of this quadratic equation are /, and 1 2 . The 

2 y 

sum of the roots is /, + t 2 = —. Hence the correct 
choice is (a). % 

2 /? 

134. Product ot roots is /, = — which is choice (a). 

g 

135. The time t { taken by the body to strike the inclined 
plane is given by 


*i- 


'2 (H-h) 


The time t 2 taken by the body to reach the ground 
after striking the plane is 


h ~ 


2 h 
g 


Total time 


2 (H-h) 

t — t\+t 2 ~ A - T 


12h 
g 


.. dt 


Time t will be maximum if — = 0, Le., if 

dh 


dh 


\ 2(H-h) | \2 /? 


g 


g 


or 



_!(#_*)-'«+I A - 1 « 
g L 2 2 


= 0 


= 0 


or 


1 1 T4 U U U H 

— 7 = —f= or H - h = h or h = — . 

V//-/7 dh 2 

Hence the correct choice is (c). 

136. Let n be the number of storeys above the 15th storey. 
Then height fallen is h = 4 n metres. 


Using 


v L - u 2 = 2gh, we have 
(20 ) 2 - 0 = 2 x 10 x 4/7 

400 


which gives n = -= 5. Therefore, the total number 

80 

of storeys = 15 + 5 = 20, which is choice (a). 

2u * , 2 w» sin 6 2u » sin60° 

137./ ,= —— and t B = B ~ B 


g 

4?>u 


g 


g 


B 


Given t A = t B . Therefore 


2uj y/lun it, \/3 

— ± = - or = — 

g g u B 2 


Hence the correct choice is (c). 

A A | 

138. v = (3 i + 4 j) ms . The magnitude of velocity is 


V = V(3) 2 +(4) 2 = 5 ms '. The angle subtended 
by the velocity vector with the horizontal 
(.Y-axis) is given by 

4 4 

tan 9= — which gives sin 6 = — . 

3 5 


Now, h max = 


v 2 sin 2 6 


(5) 2 x 


( 4' 

V 5y _ 


2 g 2 x 10 

Hence the correct choice is (a). 


= 0.8 m 
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, _ 2i>sin0 2x5x4 __ , 

139. 77 = - = - = 0.8 s. Hence the correct 

J g 5x10 

choice is (a). 

A /V 

140. Velocity of projection is v () = (u cos 9) i + (u sin 0)j. 
At time t y the velocity of the body is 

/v /v 

v = (u cos 9) i + (w sin 9 - gt) j 

The dot product of v 0 and v is 

v 0 -v = u 2 cos 2 9+u sin 9(u sin 9-gt) 

or v 0 • v = iC - (u sin 9) gt (i) 

Since v is perpendicular to v 0 , v 0 • v = 0. Using this 
in (i), we have 

2 U 

0 =u — (u sin 6) gt or t =- 

gsin0 

Hence the correct choice is (d). 


141. PE = mg h mm = mg 


( u 2 sin 2 0 A 
2g 


miC sin ~ 9 


KE = — m(u cos 9) 2 . Hence 
2 

— =tan 2 9 
KE 

Thus, the correct choice is (b). 

142. Given y = ax - bx 2 . Comparing this equation with 

y = (tan 9)x - ? 

2 iC cos“ 9 


We have a = tan 9 and b = 


Z 


2ir cos 2 9 


Horizontal range R = 


u 2 sin 29 2w 2 sin0cos0 


g 


2u~ cos“ 9 „ a 

-— (tan 9) = - 

g b 


Hence the correct choice is (a). 


143. 


h 

f# max 


9*9 9 9 

u sin" 9 u cos" 9 . 2 






(tan 0) 


2i/ 2 COS 2 0 2/w a ~ 

- (tan 0) = 


4g 


4 b 


Hence the correct choice is (d). 


144. 


Now 




b = 


2u sin0 2 u cos0 


g 


g 


(tan 9) 


(i) 


g 


2ir cos 2 9 


or 


wcos0= JL (ii) 

V 2b 


Using (ii) in (i), we get 


tf= a 


bg 


, which is choice (a). 


145. Let the total distance be S. The time taken to travel 

S 

the first half, i.e., — is 

2 


*1 = 


S/2 = S_ 
3 6 


Let t 2 be the time taken to cover a distance S x with 
speed 4.5 m/s and f 3 that to cover distance S 2 with 
speed 7.5 m/s. 

Then 5, = 4.5 t 2 and S 2 = 7.5 / 3 

Now 

Therefore 


S { + S 2 = — and t 2 = t 3 (given). 


- =S { +S 2 
2 

= (4.5 + 7.5)T> or t 2 = — . 

24 


S S 5S 

Total time taken />=/,+ G = — + — = — 

‘ 6 24 24 


Average speed = 


total distance 
total time 


55724 


24 

= — =4.8 m/s, 
5 


which is choice (d). 


146. In Fig. 2.53 v c represents the velocity of the car and 
v r that of the parcel. M is the position of the man. 
From parallelogram law, the direction of the resultant 
velocity v r must be along the direction along which 
the man is standing. It follows from Fig. 2.53 that 
angle 9 is given by 


sin 9 = 


H 


4 = or 0=45° 


v p I0V2 V 2 


Hence the correct choice is (a). 


Copyrighted material 



Kinematics 2.51 



Fig. 2.53 


147. v = u + at = (4i + 3j) + (0.4i + 0.3j) x 10 

= (8i + 6j) ms 1 

The .v and y components of v and v x = 8 ms -1 and 
v v = 6 ms" 1 . The magnitude of v is 

v = yjzr + v\ = y](%) 2 + (6) 2 = 10 ms 1 

Hence the correct choice is (d). 

148. Given: Jt=36 1 (i) 

and y = 48t-4.9t 2 (ii) 

For a body projected with a velocity u at an angle 6 
with the horizontal, the x and y displacements at time 
/ are given by 



JC = (u cos 0)t 

(iii) 

and 

y = (u sin 9)1 - ^ gt 2 

(iv) 


Comparing (i) with (iii) and (ii) with (iv), we have 
u cos 6= 36 
and u sin 0= 48 

Squaring and adding, we have 

u 2 (cos 2 6 + sin 2 Q) = (36) 2 + (48) 2 
or u 2 = 3600 or u = 60 ms 1 , which is choice (d). 

149. Given t = yfx + 3. Squaring, we have 

x = t 1 - 6t + 9 (i) 

velocity v = — = — (r - 6/ + 9) = 2 t - 6 (ii) 
cl t d t 


Find t from Eq. (ii) when v = 0. Use this value of / is 
Eq. (i). The correct choice is (a). 


150. Given a = - k sfo 


or 


kdt 


dv 

dt 


= - k yfv . Thus v 12 dv = 


1/2 


Integrating, we get 2^ ~ = - kt + c. Using the given 

initial condition (v = u at t = 0), we get c = 2\/w . 
Thus, we have 



Now, use t = T and v = 0. The correct choice is (a). 

151. The slope of the line is m = - — ms 2 per second 

and its intercept is c = 5 ms 2 . Usings = w.v + c , the 

_^ 

acceleration a (in ms “) as a function of time t is 
given by 

5 

a =- t + 5 

6 


or 


or 


or 


dv 

dt 





dt 



+ 5 t + k 



where k is the constant of integration. Since the 
particle starts from rest, v = 0 at t = 0. Using this in 
(i) we ger k = 0. Hence 

v = - - t 2 + 5/ (ii) 

6 


It follows from the graph that the deceleration 
becomes zero at t = 6 s. Hence, the speed of the 
particle will be maximum at / = 6 s. Putting / = 6 s in 
Eq. (ii), we have 

^max = ~^ X (V 2 + 5 X 6 

= -15 + 30= 15 ms" 1 
Hence the correct choice is (b). 

152. The slope of the given v versus x graph is m = 

x o 

and intercept is c = + v 0 . Hence v varies with .v as 


v = - 


V *0 J 


X + V 


0 


(i) 


where v 0 and x 0 are constants of motion. 
Differentiating with respest to time /, we have 


dv 

~dt 


or 


a = - 


v, 


\ x o ; 


v-’fo; 


dx 

~dt 

v 


Using Eq. (i) in Eq. (ii), we get 


(ii) 
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a = - 


(v \ 
v 0 



K X 0J 


O | 

> 

-1 

<: 

o 


or 


a = 




\*o J 




x - 


Thus, the graph of a versus x is a straight line having 


a positive slope = 

v 2 


f v 
\ X 0J 


and negative intercept = - 


(/A • • + 

— . Hence the correct choice is (d). 


o 


153. Given v = kyfx => v 2 = k 2 x. Differentiating, we have 


- civ ,2 dx t2 

2v - =Jr — =/CV 

dt dt 


f dx 
v v = 

K 


dt 


Thus x 


oc 


dv _ k 2 
~dt ~ ~2~ 

\dv = yj dt 


2 

dx = ft 
dt 2 

jdx = Cjtdt 

k 2 2 
x = —r 

4 

t . Hence the correct choice is (c) 


2 


SECTION 


Multiple Choice Questions Based on Passage 


Questions 1 and 2 are based on the following passage. 

Passage I 

A particle initially (i.e. at time t = 0) moving with a 
velocity u is subjected to a retarding force, as a result of 
which it decelerates at a rate 

a = -k4v 

where v is the instantaneous velocity and k is a positive 
constant. 

1. The particle comes to rest in a time 

2 \fu t 'fit 

(a) —~ (b) — 

k k 

(c) 2kyfu (d) ky/ii 

2. The distance covered by the particle before coming 


to rest is 

.3/2 


(a) . 

(b) 

k 


3 u vl 


( c ) 

(d) 

2k 


* 

\ Solutions 




1 /? 

Given a = - kv “ 

or 


2 a 


3/2 


2 u 


k 

3/2 


3 k 


— = -kv m 
dt 


Thus v 1 2 dv = -k dt 
Integrating, we have 

V 


Ji> v2 dv = -kjdt 


u o 

or 2(i? 1/2 - w 1/2 ) = -kt + c (i) 

where c is the constant of integration. Given that at 
t = 0, v = u. Using this in (i) we get c = 0. 

Using this value of c in (i), 

we have 2{v x/1 - w 1/2 ) = - kt (ii) 

Let rbe the time taken by the particle to come to rest. 
Then, v = 0 at t = r. Using this in (ii), we get 


2(0 - w 1/2 ) = -kz 


or 


r = 


2i/ l/2 

k 


(iii) 


Hence the correct choice is (a). 

2. To find the distance s covered in this time, we use 
Eq. (i) to get 

v V2 =u V2_ld 


Squaring, we have 


v = u - ktu 12 + 


k 2 t 2 


But 


v = 


dx 

~dt 
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2,2 


Therefore, 


dx . 1/2 k t 

— = u — kt u lu + — 

dt 4 


Integrating from t = 0 to t = T, we have 

* W 1/2 / 2 
*//-+ 


A' = 


12 


o 


or 


1 , 1/2 2 1 , l 3 

x = UT—ku ~T~ +—k r (iv) 

2 12 


Substituting the value of r from (iii) in (iv), we get 


2 u V2 4iP /2 8// 3/2 


X = 


2k 


+ 


12* 


2// 


3/2 


or jc = 


3* 


, which is choice (d). 


Questions 3 to 6 are based on the following passage. 

Passage II 

The vertical displacement y of a projectile varies with the 
horizontal displacement a as 

y = ax - bx 
where a and b are constants. 

3. The trajectory of the projectile is a 

(a) straight line (b) circle 

(c) parabola (d) hyperbola 

4. The horizontal range of the projectile is 

(a) a (b) b 


a 

to dj 


a 

(d) * 


5. The maximum height attained by the projectile is 


, v a 
(a) * 


(c) 


a 


(b) 


(d) 


la 


a 


lb 4b 

6. The time of flight of the projectile is 
a 


(a) 


(c) 


yfbg 

2 a 

yfbg 


(b) aj— 
bg 


(d) 2a 



Solutions 

V JO 


V' 


3. The given equation 

y = ax — bx 2 (i) 

is the equation of a parabola. Hence the correct 
choice is (c). 


4. The value of y is zero at x = 0 and x = R (horizontal 
range). Putting^ = 0 and x = R in Eq. (i), we get R = 
alb , which is choice (d). 

5. Differentiating Eq. (i) with respect to time /, we have 

dy dx „ , dx 

— = a - 2bx — 

dt dt dt 

=> v Y = av x - 2 bxv x = (a - 2bx)v x (ii) 

At the maximum height v Y = 0. Using this in Eq. (ii), 
we get (a - 2 bx) = 0 or x = a!2b. Putting this value 
of x in Eq. (i), we have (since y = h max at this value 


ofjc) 


h = a 

"max 


— \-b 
\2b 


'jl ! 2 

,2b 


a 
4 b 


Hence the correct choice is (d). 

6. The time t to reach the maximum height is given by 

h — — yf 2 

"max ~ 6* 


/ = 


'2 h 


max 


2a' 


a 


g V 4 bg yj2bg 

Therefore, the time of flight is 


t f = 21 = a —, which is choice (b). 

V bg 

Questions 7 to 13 are based on the following passage. 

Passage III 


The position vector r with respect to the origin of a particle 
varies with time t as 

r = (at) l + (ht - at 2 ) j 
where a , b and c are constants. 

7. The trajectory of the particle is a 

(a) straight line (b) circle 

(c) parabola (d) none of these 

8. The magnitude of the initial velocity of the particle 
is 


(a) 


2 +c 2 


(b) 4b~ + c' 


.2 , 2 


( c ) \fa 


2 , ,2 


+ b z (d) (a + b -2c) 

9. The angle 6 with the horizontal along which the 
particle is projected is given by 


(a) sin 0 - - 
c 

, , „ b 

(c) tan 0- — 
a 


a 


(b) cos 0 = — 
c 


(d) tan 6 - 


2c 


\cT+b‘ 


10. The time of flight of the particle is 


b 

(a) - 

c 


ab 

(b) — 

c 


Copyrighted material 




2.54 Complete Physics—JEE Main 


(C) - 
a 


b 

(d) — 

ac 


11. The acceleration due to gravity at that place is 

(a) 2 a (b) 2 b 

(c) 2 c (d) none of these 

12. The maximum height to which the particle rises is 


(a) 


(C) 


2b' 


b 2 


(b) 


(d) 


2c 

4b 2 


4c c 

13. The horizontal range of the particle is 


b 

(d) a he 


ab etc 

(a) — (b) 

c 

be 
(c) — 
a 

T'/-4 Solutions 

A ^ A 

7. Comparing Eq. r = (at) i + (bt - ct ) j with Eq. 

A A 

r = xi + jej, we get 

x = at (i) 

and y = bt - ct 2 (ii) 

Eliminating t from (i) and (ii), we get 
(b\ 


y 


x — 


\aj 

parabola. 

Hence the correct choice is (c). 
8. From Eqs. (i) and (ii), we have 


C 7 

— x“ which is the equation of a 
a “ 


dx 


v= — -a 
x dt 

(iio 

o 

C\) 

1 

-C) 

II 

■Sl-s 

ii 

(iv) 


Putting t = 0 in Eq. (iii), the initial values of v x and 
v Y are a and b , respectively. The initial speed of the 
particle is 

u = yj a 2 +b 2 , which is choice (c). 

9. If the particle is projected with an initial velocity u 
at an angle 6 with the horizontal, then the horizontal 
displacement* and vertical displacement y at time t 
are 

* = (// cos Q)t (v) 


and 


T = (wsin G)t- -gt 


(vi) 


Comparing Eqs. (v) and (vi) with Eqs. (iii) and (iv) 
we have u cos 9 = a and u sin 6 = b which give tan 6 
= bla , which is choice (c). 

10. When t = t f y y = 0. Putting y = 0 and t = in Eq. (ii), 
we get 0 = t f (b - ctj) gives t f = 0 and t f - bfc. But 
tr= 0 is not possible. Hence the correct choice is (a). 

11. Comparing Eq. (vi) with Eq. (ii), we get g = 2c, 
which is choice is (c). 

1 b 

. Putting y = / w 


12. Now y = h mM when t = - t f = 


and t = b/2c in Eq. (ii), we get 


/'max =b*~ - C 

2 c 


< b _' 2 

,2c 


4 c 


13. R = (ucos0)tf 

Now u = 'fa~ + b 2 , tan 6 = — which gives 

a 


(vii) 


a b 

cos 9= - I and t f = — . Putting these values 

\la 2 +b 2 c 

ab 

in Eq. (vii), we get R = —. Hence the correct 

c 

choice is (a). 


3 

SECTION 


Assertion-Reason Type Questions 


In the following questions, Statement-1 (Assertion) is 
followed by Statement-2 (Reason). Each question has the 
following four options out of which only ONE choice is 
correct. 

(a) Statement-1 is true, Statement-2 is true and 
Statement-2 is the correct explanation for Statement-1 


(b) Statement-1 is true, Statement-2 is true but 
Statement-2 is NOT the correct explanation for 
Statement-1. 

(c) Statement-1 is true, Statement-2 is false. 

(d) Statement-1 is false, Statement-2 is true. 
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1. Statement-1 

A body moving in a straight line may have non-zero 
acceleration at an instant when its speed is zero. 

Statement-2 

If a body is thrown vertically upwards, its speed at 
the instant when it reaches the highest point is zero 
but its acceleration is 9.8 ms . 

2. Statement-1 

A body moving in a straight line with a constant 
speed must have a zero acceleration. 

Statement-2 

A body moving along a curve with a constant speed 
may have a zero acceleration. 

3. Statement-1 

A wooden ball and a steel ball of the same mass, 
released from the same height in air, do not reach the 
ground at the same time. 

Statement-2 

The apparent weight of a body in a meduim depends 
on the density of the body relative to that of the 
meduim. 

4. Statement-1 

If the displacement-time graph of the motion of a 
body is a straight line parallel to the time axis, then 
it follows that the body is at rest. 

Statement-2 

Velocity is equal to the rate of change of displacement. 

5. Statement-1 

If the velocity-time graph of the motion of a body is 
a curve, then the body is either uniformly accelerated 
or uniformly retarded. 

Statement-2 

The slope of the velocity-time graph gives the 
acceleration. 

6. Statement-1 

A body is projected horizontally with a velocity u 
from the top of a building of height h. It hits the 

ground after a time t = yjlh/g . 

Statement-2 

The vertical and horizontal motions can be treated 
independently. 


7. Statement-1 

A body is projected from the ground with kinetic 
energy K at an angle of 60° with the horizontal. If 
air resistance is neglected, its kinetic energy when it 
is at the highest point of its trajectory will be K/4. 

Statement-2 

At the highest point of the trajectory, the directions 
of the velocity and acceleration of the body are 
perpendular to each other. 

8. Statement-1 

One end of a string of length R is tied to a stone 
of mass m and the other end to a small pivot on a 
frictionless vertical board. The stone is whirled in 
a vertical circle with the pivot as the centre. The 
minimum speed the stone must have, when it is at 
the topmost point on the circle, so that the string does 
not slack is yfgR . 

Statement-2 

At the topmost point on the circle, the centripetal 
force is provided partly by tension in the string and 
partly by the weight of the stone. 

9. Statement-1 

The maximum range on an inclined plane when a 
body is projected upwards from the base of the plane 
is less than that when it is projected downwards from 
the top of the same plane with the same speed. 

Statement-2 

The maximum range along an inclined plane is 
independent of the angle of inclination of the plane. 

10. Statement-1 

In projectile motion, the velocity of the body at a 
point on it trajectory is equal to the slope at that 
point. 

Stateinent-2 

The velocity vector at a point is always along the 
tangent to the trajectory at that point. 

11. Statement-1 

In a uniform circular motion, the centripetal force is 
always perpendicular to the velocity vector. 

Stateinent-2 

Then the force does no work on the body and its 
kinetic energy remains constant. 
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12. Statement-1 

In a non-uniform circular motion, the particle has 
two accelerations-one along the tangent to the circle 
and the other towards the centre of the circle. 

Statement-2 

In a non-uniform circular motion, the magnitude and 
the direction of the velocity vector both change with 
time. 

13. Statement-1 

In a non-uniform circular motion, the acceleration 
of the particle is equal to the sum of the tangential 
acceleration and the centripetal acceleration. 

Statement-2 

The two accelerations are perpendicular to each 
other. 

14. Statement-1 

In a uniform circular motion, the kinetic energy of 
the body remains constant. 

Statement-2 

The momentum of the body does not change with 
time. 

15. Statement-1 

In a uniform circular motion, the acceleration is 
always directed towards the centre of the circle. 

Statement-2 

Otherwise the speed of the body moving along the 
circle will change with time. 

Solutions 

1. The correct choice is (b). 

2. The correct choice is (c). The velocity of a body 
moving along a curve continuously changes 
because its direction of motion is changing. Hence a 
body moving along a curve with a constant speed has 
acceleration called centripetal acceleration. 

3. The correct choice is (a). The effective acceleration 
due to gravity in a meduim is given by 

(, P 

Seff = £ 

V o) 



where p = density of the medium and <7= density of 
the body. 


4. The correct choice is (a). If the displacement-time 
graph is parallel to the time axis, then, rate of change 
of displacement is zero. 

5. The correct choice is (d). If the velocity-time graph 
is a curve, the slope of the graph is not constant. 

6. l*he correct choice is (a). The time taken by the body 
to hit the ground is the same as if it was dropped from 
that height and fell freely under gravity. 

7. The correct choice is (b). If m is the mass of the body 
and u its velocity of projection, the initial kinetic 
energy is 

v 1 2 

K = — mu 

2 

At the highest point, the horizontal velocity is 
(u cos 60°) and vertical velocity is zero. Hence the 
kinetic energy at the highest point is 

K' = — m (u cos 60°) 2 = — x — mu 1 = — 

2 4 2 4 

At the highest point of the trajectory, the velocity of 
the body is horizontal (parallel to the ground) but its 
acceleration is g directed vertically downwards. 

8. The correct choice is (a). When the stone is at the 
topmost point A on the circle, the centripetal force is 
provided by (mg+ T) as shown in Fig. 2.54. 


A 



Thus 


mv 

R 


= mg + T 


When the stone is at A, the string will not slack if 


tension T= 0, which gives 


mv 

R 


= mg => v = pRg . 


9. The range along the inclined plane when a body 
is projected with velocity u at an angle 0 with the 
horizontal is given by 

2 u 2 sin(0-a)cos0 


R 


g cos“ a 


u 

^ [sin (20- a) - sin a] 
g cos a 
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where a is the angle of inclination of the plane. 
Range R will be maximum if sin(2# - a) = 1 or 
26- a = 90° in which case 


^max 


U 


geos" a 


[1 - sin a\ = 


u 


g(l + sina) 


If the body is projected downwards from the top of the 
same inclined plane, the maximum range will be 


R'. 


u 


max 


g(l-sina) 


Thus R' m . dX > R UVl[X - Since the range R depends on angle 
a , Statement 2 is false. Hence the correct choice 
is (c). 


10. The correct choice is (d). At the highest point on the 
trajectory, the slope is zero but velocity is u cos 0. 

11. The correct choice is (a). 


12. The correct choice is (a). 

13. The correct choice is (d). The acceleration of the 
particle is given by 

a = Ja 2 + a 2 

where a L = centripetal acceleration and a t = tangential 
acceleration. 

14. The correct choice is (c). The speed of the body 
remains constant but the momentum changes with 
time because the direction of the velocity vector 
changes with time. 

15. The correct choices is (a). If the acceleration vector 
is not directed towards the centre of the circle, it 
will have a component along the tangent, as a result 
the speed of the body will change and the motion no 
longer remains uniform. 


4 Previous Years' Questions from AIEEE, IIT-JEE, 
JEE (Main) and JEE (Advanced) 

SECTION ( w jfh Complete Solutions) 


1. A ball is projected with kinetic energy E at an angle 
of 45° to the horizontal. The kinetic energy of the ball 
at the highest point of its trajectory will be 

(a) E (b) A 

V2 

(c) - (d) zero |2«02] 

2 

2. Tw'o forces are such that the sum of their magnitudes 
is 18 N and their resultant whose magnitude is 12 
N, is perpendicular to the smaller force. Then the 
magnitudes of the forces are 

(a) 12 N, 6 N (b) 13 N, 5N 

(c) ION, 8N (d) 16 N, 2 N [2002] 

3. From a building two balls A and B are thrown such 
that A is thrown vertically upward and B vertically 
downwards, both with the same speed. If v A and 

arc their respective velocities on reaching the 
ground, then 

(a) v B > v A 

(b) v A = v B 

(c) v A > v B 

(d) their velocities depend on their masses. [2002] 

4. If a body loses half of its velocity on penetrating 3 cm 
in a w'oodcn block, then how much will it penetrate 
more before coming to rest? 


(a) 1 cm (b) 2 cm 

(c) 3 cm (d) 4 cm [2002] 

5. A car moving with a speed of 50 km/h can be stopped 
by brakes after at least 6 m. If the same car is moving 
wdth a speed of 100 km/h, the minimum stopping 
distance is 

(a) 12 m (b) 18 m 

(c) 24 m (d) 6 m [2003] 

6. A boy playing on the roof of a 10 m high building 
throw's a ball with a speed of 10 m/s at an angle of 30° 
with the horizontal. How far from the throwing point 
will the ball be at a height of 10 m from the ground? 
[Take g = 10 m/s 2 ] 

(a) 5.20 m (b) 4.33 m 

(c) 2.60 m (d) 8.66 m [20031 

7. fhe coordinates of a moving particle at any time t are 
x = ar and = pt' where a and p are constants. The 
speed of the particle at time t is 

(a) t^ja 2 + p 2 (b) 3 tyja 2 + P 2 

(C) t 2 y]a 2 +p 2 (d) 3t 2 \Jcc 2 + p 2 

|2003| 

8. Three forces start acting simultaneously on a 
particle moving with velocity v . Those forces are 
represented in magnitude and direction by the three 
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sides of a triangle ABC as shown in the figure. The 
particle will now move with velocity. 

C 



(a) 

(b) 

(c) 

(d) 


v (remaining unchanged) 
greater than y 
less than 


v 


V 


in the direction of the largest force BC 

120031 


9. A ball is released from rest from the top of a tower 
of height h meter. It takes T seconds to reach the 
ground. What was the height of the ball from the 
ground in 773 seconds? 


00 £ 


(c) 


8/7 


(b) 


(d) 


7/7 

9 

17/7 

18 


(2004] 


10 . 


If Ax B = B x A , then the angle between A and f is 

(a) K (b) j 

(2004J 


, ^ K 
<c> i 


<«! 


11. A projectile can have the same range for two angles 
of projection. If T, and T 2 are the times of flight in 
two cases, then the product T, T 2 is proportional to 


(a) , 

R 2 

(b) - 
R 


(c) R 

(d) R 2 

[2004] 


12. Which of the following statements is false for a 
particle moving in a circle with a constant angular 
speed? 

(a) The velocity vector is tangent to the circle 

(b) The acceleration vector is tangent to the circle 

(c) The acceleration vector points towards the centre 
of the circle 


(d) The velocity and acceleration vectors are 
perpendicular to each other. [2004| 

13. A ball is thrown from a point with a speed u at an 
angle 6 to the horizontal. From the same point and 
at the same instant, a person starts running with a 
constant speed ul 2 to catch the ball. Will he be bale to 
catch the ball? If yes, what should be the value of 0? 

(a) Yes, 60° (b) Yes, 30° 

(c) No (d) Yes, 45° |2004] 


14. The relation between time t and distance x is t = ax 2 

+ hx where a and h are constants. The acceleration is 
(a) -2 abv 2 (b) 2 hv 3 

(c) -2av 3 (d) 2 av 2 |2005| 

15. A car, starting from rest, accelerates at a rate/ 
through a distance S , then continues at constant speed 
for time t and then decelerates at a rate fll to come 
to rest. If the total distance travelled is 15 S, then 

(a )S=fr (b )S= -ft 1 

6 

(C )S=^ft 2 (d )S= X -ft 2 [2005] 

16. A particle is moving eastwards with a velocity 
of 5 ms" 1 . In 10 s the velocity changes to 5 ms" 1 
northwards. The average acceleration in this time is 

(a) -J^ms" 2 towards north-east 
v2 

(b) -ms 2 towards north 
2 

(c) zero 

1 _ 2 

(d) — F ms ” towards north-west [20051 

v2 


17. A parachutist after bailing out falls 50 m without 
friction. When he opens the parachute, the deceler¬ 
ates at 2 ms’ 2 . He reaches the ground with a speed 
of 3 ms -1 . At what height did he bail out? 

(a) 91 m (b) 182 m 

(c) 293 m (d) 111m [2005] 

18. A particle located at x =0 at time t = 0, starts moving 

along the positive ^-direction with a velocity v that 
varies as v = ay/x , where a is a constant. The 
displacement jc of the particle varies with time / as 
(a) t m (b) 7 3 

(c) r (d) t [2006] 

19. The velocity of a particle is given by 

v =v 0 + gt +ft 2 

where v 0 , g and/arc constants. If its position is x = 0 
at t = 0, then its displacement at time t = 1 s is 

(a) v 0 + 2g + 3/ (b) u o+f + y 

(c )v 0 + g+f (d ) ® 0 + f + / [2007] 

20. A particle is projected at 60° to the horizontal with 
a kinetic energy K. The kinetic energy at the highest 
point is 

(a) K (b) zero 

(c) K/4 (d) K/2 [2007] 
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21. A body is at rest at x = 0. At t = 0, it starts moving in 
the positive ^-direction with a constant acceleration. 
At the same instant another body passes through x = 0 
moving in the positive x direction with a constant 
speed. The position of the first body is given by 
x,(/) after time t and that of the second body by .y 2 (/) 
after the same time interval. Which of the following 
graphs correctly describe (.v, - x 2 ) as a function of 
time /? 


(*i -x 2 ) 



(*i -*2) 
(b) A 



O 


25. A point P moves in counter-clockwise direction on a 
circular path as shown in the figure. The movement 
of ‘P’ is such that it sweeps out a length s = r + 5, 
where s is in metres and t is in seconds. The radius 
of the path is 20 m. the acceleration of ‘P’ when t = 
2 s is nearly. 



Fig. 2.58 


(x\-x 2 ) (*i-*2) 




22. A projectile is projected with a velocity u at an angle 
6 with the horizontal. For a fixed 6 , which of the 
graphs shown in the following figure shows the 
variation of range R versus w? 





Fig. 2.57 



23. A particle has an initial velocity of 3i + 4j and an 

A A 

acceleration of 0.4i + 0.3j • Its speed after 10 s is : 

(a) 7 units (b) 8.5 units 

(c) 10 units (d) 7^/2 units [2009] 

A A 

24. A particle is moving with velocity v = K(y\ +xj), 
where AT is a constant. The general equation for its 
path is 

(a) y = x 2 + constant (b) y 2 = x + constant 

(c) xy = constant (d) y = x + constant 

[ 2010 ] 


(a) 14 m/s 2 (b) 13 m/s 2 

(c) 1 2 m/s 2 (d) 7.2 m/s 2 [2010] 

26. A particle is moving in a circle of radius R with a 
uniform speed v. The acceleration a of the particle 
at a point P (7?,0) on the circle is (here 0 is measured 
from the .\'-axis). 


(a) 

(b) 

(c) 

(d) 



v 2 - v 2 

-cos Qi + — sin 6 j 

R R 


v 2 v 2 

-sin 0 i + —cos0j 

R R 

v 2 V 2 

-cos0i-sin# j 

R R 


| 2010 | 


27. 


An object, moving with a speed of 6.25 m/s, is 
decelerated at a rate given by: 

— = -2.5sfv 
dt 


where v is the instantaneous speed. The time taken 
by the object, to come to rest, would be: 

(a) 2 s (b) 4 s 

(c) 8 s (d) 1 s |2011| 
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28. A water fountain on the ground sprinkles water all 
around it. If the speed of water coming out of the 
fountain is v , the total area around the fountain that 
gets wet is : 

v 4 

(a) n— (b) 

r 


K IT 

l ? 2 


(C) 71 


V ‘ 


(cl) 


K 


V 


|20111 


r * 

29. Two cars of masses /??, and m 2 are moving in circles 
of radii r, and r 2 respectively. Their speeds are such 
that they make complete circles in the same time t. 
The ratio of their centripetal accelerations is 

ma\ rri\ 

(a) — (b) 


m 2 r 2 


nv 


(c) 


(d) 1 


| 2012 ] 


30. Aprojecti le is given an initial velocity of (i + 2 j) ms , 

A A 

where i is along horizontal and j is along the vertical. 
Ifg = 10 ms , the equation of the trajectory is 


(a) y = 2x - 5x 2 
(c) 4y = 2x - 5x J 


Answers 

\J 
* o'' 


(b) y = x -5 a- 2 

(d) y = 2x + 5x 2 [2013] 


l.(c) 
5.(c) 
9.(c) 
13. (a) 
17-(c) 
21. (d) 
25. (a) 
29. (c) 


2. (b) 
6. (d) 
10. (a) 
14. (c) 
18. (c) 
22. (d) 
26. (d) 
30. (a) 


3. (b) 

7. (d) 
11. (c) 
15. none 
19. (b) 
23. (d) 
27. (a) 


4. (a) 
8. (a) 
12. (b) 
16. (d) 
20. (c) 
24. (d) 
28. (a) 


Solutions 

'V'f 


1. At the highest point, the velocity has only horizontal 
component y = u = u cos 6 = z/cos45°= u/4l • 


X X 


K 


r 1 f " Y 1 P 2 
.E. = —m\ —r= | = —I —mu 


2 v V2 


2 V 2 


^ E 
) '2 


„ 1 

v E = — mu 
2 


2. Given A - B = 18 

12 = Pa* + B~ + 2ABcos0 


(0 

(ii) 


and 


tan a = 

tan 90°= 


£sin0 


A + BcosO 
B sin 6? 


/I + B cos 6 
A 

cos 9 = — — 


A + £ cos 0=0 


Using this in (ii), 12 = yjft 2 _ 

=> 144 = B 2 -A 2 = (B + A)(B-A) 

144 

Using (i), 144= 18 (B-A)^>B-A = 


8 


= 8 
(iii) 


From (i) and (iii) we get /I = 5N and B = 13N 
6. Given u A = z/ 5 = w. Acceleration a = -g and displace¬ 
ment s = -/? (for both balls) where /? = height of the 
building. Using ir= z/ + las , we have 

= w 2 + 2 x (-g) x (-/?) = + 2gh 


v b = .2 


z/“ + 2gh 


v A = v B 


and 
Hence 

4. Let y be the velocity of body at A when it enters the 
block 

A B 


v 

— 3 cm 


v_ 

2 


C 

• v = 0 


Fig. 2.60 

Given AB = 3 cm. Let a be the retardation (assumed 
constant). Then from v - u = 2a S we have 


- 1 - v 2 = 2a x 3 


For distance BC = x, 

2 


v‘ 


a = 


8 


Hence (0)“ - 


v 

-I = 2 x 
2 


v v 

u= — v = 0 and a = — 
2 8 

( v 2 ^ 




8 


x x 


=> x = 1 cm 

5. v 2 = u 2 + 2 a .y => 0 = z/ 2 + 2 a s => zz 2 = -2a s. Thus 
5 it. If u is doubled, s becomes four times = 4x6 
= 24 m 

6. The ball will be at point P at a height of 10 m from 
the ground 
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OP = R = 


u~ sin(20) 


g 


(1 OK sin 60° 
10 


= 8.66 m 


dx 2 

7. v= — = 3ar 
dt 

,, - f -3^ 


V = 7 v \ + v \ = 3t 2 \Ja 2 + p 2 


8. The three forces are represented by the three sides 
of triangle ABC taken in order. From triangle law, 
their resultant is zero. Hence no net force acts on 
the particle. From Newton’s first law of motion, its 
velocity remains unchanged. 

9. s = - h, t = T, u = 0 and a = -g. 

Using s = ut + — at 2 , we have 



1 , 

-h = O - —gT 2 
2 * 


If the ball travels a distance h' in time t = 773 


1 (T\ 2 1 

-/z' = 0--g - =>h' = -gx 

2 5 1 3 / 


(0 


(ii) 


fl 

Using (i) in (ii) we get h = — 

Distance of the ball from the ground 

h 8/? 

= h-h' = h- - = — 

9 9 

10. Ax B = B x A (given) 

=> (Ax B)-(Bx A) = 6 

=> (/f x B) + (yf x 0) = (j [v (B x A) = -(A x £)] 
2 (AxB) = 6 

2AB sin 6= 0 => 0=0 or n 


11. A projectile has the same range for angles of projec¬ 
tion 0 and (90° - 0). Therefore, 

2wsin 0 


7’.= 


and T 2 = 


t x t 2 = 


2wsin(90°- 0) 2 u cos 0 

£ g 

4?/ 2 sin0cos0 2w“sin(20) 2R 


g g g 

Hence T X T 2 °c R 

12. For uniform circular motion, the velocity vector is 
tangential to the circle and acceleration vector is 


directed towards the centre (centripetal acceleration). 
If the acceleration vector were along the tangent to 
the circle, it would change the angular speed of the 
particle. Hence statement (b) is false. 

13. The person will catch the ball if the horizontal range 
= distance covered by the person in the time of flight, 
i.e., if 

R = —xt f 


w“sin(20) _ W x 2wsin0 


cos 0 = — 
2 


g 

0 = 60° 


14. Given t = ax 1 + bx. Differentiating w.r.t. time /, 

^ dx , dx 

I = 2 ax - \-b — 

dt dt 


dx 


I 


v = 


dt (2 ax + b) 


(i) 


Acceleration 


dv d 
A = — = — 


1 


dt dt i2(ax + b) J 
-2 a dx 


Using (i) we have 


S = 


(2 ax + b) 2 dt 
-2a 


= -2air 


(2 ax + b) 

15. Let /, be the time for which the car accelerates at rate 
/from rest. The distance travelled in time is 


5, - i/f? 


s - \f' 


(i> 


Velocity of car at time /, is v x = ft j. The distance 
travelled in time t by the car moving at speed u, is 

Si = V\t=ft x t (ii) 

Let t 2 be the time for which the decelerates at rate f!2 
to come to rest. The distance S 3 travelled in time t 2 is 
given by 


2x -i- 
2 


2.2 

I 


s 3 =o-vt=-rt 

^3 - fi\ 


(iii) 


From (i) and (ii) S 3 = 25, = 25 

5, + S 2 + 5 3 =15 5 (given) 
5 + ft\t + 2 5= 155 
=> /?,/ =12 5 

Dividing (i) and (iv), we get 

125 ft\t_ _ 2± 

U 


(iv) 


which gives 


i/'f 

1 

/, = “ . Using this in (i), we get 
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1 


1 


1 


5 2^ t] 2 V 6 J 72^ 

Hence none of the given choice is correct. 

16. Change in velocity is 

Av = v 2 - Vj 

= v 2 + (-v,) 

N 



Fig 2.62 

Vector Av is the resultant of vectors v 2 and -v,. The 
magnitude of Av is 

Av = 7(-^i f + v 2 = >/(-5) 2 + (5) 2 = 5 V 2 ms" 1 


.*. Average acceleration 


Av 5V2 1 


ms 


-2 


/ 10 V 2 

From the figure, it is clear Av is directed towards 
north-west. 

17. Let H be the height from the ground when the 
parachutist bails out. The velocity after falling 
through h =50 m is. 

v = \[2gh = ^2x (9.8) x (50) = >/980 ms' 1 
directed downwards. After opening the parachute, 
he falls a distance (H - /?). For this distance, initial 
velocity u = n/ 980 ms 1 , final velocity v = 3 ms" 1 and 


acceleration a = -2 ms 


-2 


//-/? = 


v 


u z 9-980 971 


2 a -4 4 

H = 243 + h = 243 + 50 = 293 m 

tlx 


= 243 m 


18. Given v = a\fx Since v = — , we have 


dx /— 
— = av x 
dt 

dx 

or —j= = a dt 

v x 

Integrating, we have 

\ x dx r' , 

-j= = <x\ dt 
Jo ^ Jo 


dt 


a 2 t 2 


I - IA I 

Which gives -2vv =a/ or .v = -. Hence x is 

4 

proportional to r. 


19. v = Thus 
dt 

dx 

dt 


= v 0 + gt +fr 


=> dx = V Q dt + £7 dt + ft 2 dt 

Integrating we have 

X t 

J dx = | (v 0 dt + gt dt +ft 2 dt) 


x= v 0 t + 


gt 2 . ft 


I 


At 


g f 

t= 1 S,x= + | + T 


20. Let u be the velocity of projection. The component 
of u along the horizontal is i/ v = u cos where 9 

1 

= 60°. Given — mu = K. At the highest point the 

vertical component u v = u sin 9~ 0, but the horizontal 
component remains the same. Hence, kinetic energy 
at the highest point is 

K' = —mu 2 = —m(u cos0) 2 
2 2 

= —mu 1 cos 2 60° 

2 

Ip 2^ K 

4 V 2 ) 4 

21. Let a be the constant acceleration of the first body 
and v be the constant velocity of the second body. 
Then 


1 

Xi = — at 


and 


1 


x 2 = vt 


at 




Ax =x x - x 2 =2 at - vt = I ■— - v 

2v 

Thus Av = 0 at t = 0 and at t = —. After t = 2 via. Ax 
increase with t. Between t = 0 and t = 2 via. Ax will 


d 


d 


be maximum if —(Av) = 0 and -(Av) is negative 


dt 


dt' 


d 


and minimum if —(Av) = 0 and 

dt J + 2 


df 


(Av) is positive 


d d 

— (Ax) = — 
dt dt 


1 2 

- vt 


\ 


- at-v 


Thus Av will be maximum or minimum at t = iVa. 
d 2 d 

Now —-(Ax) = —( at-v) = a which is positive. 
dt 2 dt 

Hence Av (= x { — x 2 ) is minimum at t = via. So the 
correct graph is (d). 
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22. For a fixed 0, R <* u 2 . So The correct graph is (d). 

23. v = u + at = (3i + 4j) + (0.4i + 0.3j)xl0 

A A 

= 7i + 7j 

|v| = V7 2 +7 2 = 7n/ 2 units 

24. Given y = K (j>i + x j). Hence 

v x = Ky and v y = Aa\ Therefore, 

dx dy 

— = AT and — = Air 
dt ' dt 

dy dyldt Kx x 

Now 7rTy--y 

=> v c/y = A’ rfx 

2 2 

, . T * 

Integrating we get — = — + c 

where c = constant of integration. Hence y 2 =x 2 + 2c. 

25. s = / 3 + 5 

ds 1 
Speed v=— =3r 

dv 

Tangential acceleration (a t ) = — = 6/ 

At / = 2 s, v = 3 x (2)~ = 12 ms 1 and a, = 6 x 2 = 12 
ms 2 . 

_ , . , , V 2 (12) 2 144 

Centripetal acceleration (a,) = — =-— =-ms 

R 20 20 

Acceleration of P is 

a= V «, 2 + a] 

Substituting the values of a, and a c , we get a = 14 
ms 2 . 

26. Centripetal acceleration is 




directed towards centre O. The x and y components 
of a c are - a c cos 6 and -a c sin 6. Hence 

a = _a c [c° s 0(i) + sin0(j)] 

2 

= -—[eos 0 (i) + s in 0 (j)J 

27. — = - 2 .5\/y 
dt 

=> *=- 2 . 5 * 

yJV 

Integrating, we get 

2\fv = -2.5/ + C (i) 

At t = 0, v — 6.25 ms Using this in (i) we get C= 5. 
Thus 2sfu =-2.5/ + 5 
For v = 0. -2.5/ +5 = 0 => / = 2s 

p 2 

28. Maximum horizontal range (A max ) = — . Thcrelore, 

£ 


the required total area = n (A ) 2 = 


29. i;, = 


2 /r r, 


and t> 2 = 


2 /r r, 


- 

a \~ — 


and a 2 = — 


x — = — 


30. 17 y =1 ms and y v ,= 2ms 
Now x — v x t — t 

and y = v Y t- g r => y = 2 / - 5 /' 

Using (i) in (ii), 

y = lx - 5x~ 
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LAWS OF MOTlOh 


REVIEW OF BASIC CONCEPTS 


1. Newton's First Law of Motion 

Newton’s first law of motion states that every body 
continues in its state of rest or of uniform motion in a 
straight line unless it is compelled to change that state by 
an external unbalanced force. 

2. Newton's Second Law of Motion 

Newton’s second law of motion states that the rate 
of change of linear momentum of a body is directly 
proportional to the applied force and the change takes 
place in the direction in which the force acts. 

Linear Momentum Newton defined linear momentum as 
the product of the mass and the velocity of a body. 

p = mx 

where v is the velocity at a certain instant of time. Differen¬ 
tiating this equation with respect to time, we get 

dp dx , 

— = m — (v m is constant) 

dt dt 


F = /??a 


dx . 


where a = — is the acceleration produced. 
dt 


a l. Force = slope of momentum-time (p t) 
graph. 

N 0 j e 2. Change in momentum = area under the 
force-time (F - t) graph. 


© EXAMPLE 1 The velocity of a body of 

A A /V - 

mass 2 kg changes from v, =(2i + 3j-k)ms to 

AAA. . 

v 2 = (-3i + 2j + 3k)ms in 3 s. Find (a) the magnitude of 


Chapter 


the change in momentum of the body and (b) the magnitude 
of the force applied. 

© SOLUTION 

(a) Change im momentum = final momentum - initial 


momentum 


mx 2 - /wv | 


= /«[(—3i + 2j + 3k) — (2i + 3j - k)] 

= /«(—5i —j + 4k) 

|Ap| = 2 n /(_ 5 )2+(_ l) 2 +(4) 2 
= 2x742 = 12.96 kg ms -1 

(b) |F| = = ] -L^- = 4.32 - 4.3 N 

At 3 

© EXAMPLE 2 A particle of mass 1 g is moving 
along the positive jc-axis under the influence of a force. 

f-4 

Jt 

where k =10 NnT. When the particle is at x = 1.0 m, its 
velocity v = 0. Find (a) the magnitude of its velocity when, 
it reaches x = 0.5 m and (b) its position when its speed is 
1 ms _l . 

© SOLUTION 

dv dv dx dv 

F = ma = m — = m -= mv — 

dt dx dt dx 


Given, F= - j. Therefore 

x l 

k dv k 

- = mv —=> v dv -- dx 


Integrating, we have 
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\vdv = f x 2 dx 
j m j 


v k 

— = — + c 
2 mx 


(0 


where c is the constant of integration. Given v = 0 when 


x = 1.0 m. Using this in eq. (i), we get c = -. Equation 

m 

k k 


(i) becomes ^ 


v = 


mx m 
2k_ (!_i^ 

U 


m 


yj 


1/2 


V = 


2xlO'Vl 


10 


-3 



-|l/2 


[ v k = 10 3 Nm‘ and m = 1(T J kg] 

\nl/2 


— i n-3 


V = 



(a) When x = 0.5 m, v = 


2 

L V 




0.5 


-, 1/2 


/J 


= V2 


ms 


(b) When v = 1 ms \ 1 = 



f 1 -'] 


2 



Kx J 



1/2 


x = 0.67 m 


3. Newton's Third Law of Motion 

Newton's third law of motion states that whenever one 
body exerts a force on a second body, the second body 
exerts an equal and opposite force on the first, or, to every 
action there is an equal and opposite reaction. The action 
and reaction forces act on different body. 

4. Law of Conservation of Linear Momentum 

The law of conservation of linear momentum may be stated 
as ‘‘when no net external force acts on a system consisting 
of several particles, the total linear momentum of the 
system is conserved, the total linear momentum being the 
vector sum of the linear momentum of each particle in the 
system ’. 

Recoil of a Gun 

The gun and the bullet constitute a two-body system. 
Before the gun is fired, both the gun and the bullet are 
at rest. Therefore, the total momentum of the gun-bullet 
system is zero. After the gun is fired, the bullet moves 
forward and the gun recoils backwards. Let m h and m„ be 
the masses of the bullet and the gun. If \ h and v (T are their 
respective velocities after firing, the total momentum of 
the gun-bullet system after firing is (m h x h + v„). From 

the law of conservation of momentum, the total momen¬ 
tum after and before the gun is fired must be the same, i.e. 


m h v /, + m g v g = 0 


or 


v s = - 


"h y b 

m„ 


The negative sign indicates that the gun recoils in a direction 
opposite to that of the bullet. In terms of magnitudes, we 
have 

m g 

5. Impulse 

Consider a collision between two bodies A and B moving 
in the same straight line. Let At be the duration of the 
collision, i.e. the time for which the bodies were in contact 
during which time the transfer of momentum took place. 
We assume that the bodies continue moving in the same 
straight line after the collision with velocities different 
from their initial velocities. 

Impulse of a force is the product of the average force 
and the time for which the force acts and it is equal to the 
change in momentum of the body during that time. Impulse 
is a vector and is measured in kg m s _l or N s. 

F av At = Ap 

Q EXAMPLE 3 A ball of mass m is moving with a 
velocity v towards a rigid vertical wall. After striking the 
wall, the ball deflects through an angle 0 without change in 
its speed. Obtain the expression for the impulse imparted 
to the ball. 

SOLLJTION Let v, and v 2 be the initial and final 
velocities of the ball [Fig. 3.1(a)] 

Impulse = change in momentum 

= mx 2 - mx y = m(x 2 - V|) = m[x 2 + (- v,)] 
or Impulse = mAx 

where Av = \s + (- v,) is the resultant of v-, and - v ( [Fig. 
3.1(b)]. 



B 



Fig. 3.1 

Magnitude of Av is 

[ v magnitude of v, = magnitude of v 2 = v] 
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The direction of impulse is perpendicular to the wall 
and away from it. 

6. Contact Forces 

(1) Normal Reaction 

The force exerted by one body when placed on the surface 
of another body is known as contact force. If the two 
surfaces in contact are perfectly smooth (i.e., frictionless), 
then the contact force acts only perpendicular (normal) to 
their surface of contact and is known as normal reaction 
( R ). 

If a block of mass m is placed on a horizontal frictionless 
surface [Fig. 3.2 (a)], the normal reaction R = mg. If the 
block is placed on an inclined plane of inclination a [Fig. 
3.2 (b)], the normal reaction R = mg cos a 



Fig. 3.2 

If there is friction between the surfaces of contact, then 
the component of the contact force perpendicular to their 
surface gives the normal reaction and the other component 
which acts along the tangent to the surface of contact 
gives the force of friction. The normal reaction, tension 
and friction are examples of contact force. 

(2) Tension 

The force in a string is called tension (T). If the string is 
massless, the tension has the same magnitude at all points 
of the string. Tension in the string always acts away from 
the body to which it is attached. If the string passes over a 
frictionless pulley and its ends are attached to two bodies, 
the tension in the entire string has the same magnitude and 
its direction is towards its point of contact with the pulley. 


7. Friction 

Friction is the force which comes into play when one body 
slides or rolls over the surface of another body and acts in a 
direction tangential to the surfaces in contact and opposite 
to the direction of motion of the body. 

The maximum (or limiting) force of friction when a 
body just begins to slide over the surface of another body 
is called the limiting friction. The force of friction just 
before one body begins to slide over another is called the 
limiting or static friction (/ s ). The coefficient of limiting or 
static friction ( 74 ) is defined as 


where R is the normal reaction, i.e. the normal force 
pressing the two surfaces together. 

The force necessary to maintain a body in uniform 
motion over the surface of another body, after motion has 
started, is called the kinetic or sliding friction ( / k ). The 
coefficient of kinetic friction ( 74 ) is defined as 



Note that 74 is always less than 74 . 

Angle of Friction Angle of friction is the angle between 
the resultant of the force of limiting friction ( f) and the 
normal reaction (/?). In Fig. 3.3, 6 is the angle of friction, 
which is given by 

tan 6= — = U 
R 

9 = tan -1 ( 7 /) 

— 

\ 

\ 


R 

e 



Fig. 3.3 


Angle of Repose Suppose a body is placed on an inclined 
plane. The angle of inclination is gradually increased until 
the body just begins to slide along the plane. When this 
happens the angle of inclination a of the inclined surface 
with the horizontal is called the angle of repose (see Fig. 
3.4). It follows from the figure that 

Force of limiting friction (/) = mg sin a 

Force of normal reaction (R) = mg cos a 
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R 


mg sin cx \a 


a 

/ 1 

mg cos a 


t 

mg 


Fig. 3.4 

Therefore, 

tan a = — = U = tan 6 


R 

or 

a= 0 = tan -1 (p) 

8. Solving Problems in Mechanics by Free Body 

Diagram Method 

In mechanics, we 

often have to handle problems which 


involve a group of bodies connected to one another by 
strings, pulleys, springs, etc. They exert forces on one 
another. Furthermore, there are frictional forces and the 
force of gravity acting on each body in the group. To 
solve such complicated problems, it is always convenient 
to choose one body in the group, find the magnitude and 
the direction of the forces acting on this body by all the 
remaining bodies in the group. Then we find the resultant 
of all the forces acting on the body to obtain the net force 
exerted on it. We then use the laws of motion to determine 
the dynamics of the body. We apply this procedure to all 
other bodies in the group one by one. It is useful to draw a 
separate diagram for each body, showing the directions of 
the different forces acting on it. Such a diagram is called 
the free body diagram (F.B.D.) of the body. 


Net force in the direction of motion of /7?, is /?/,g - T. 
Therefore, the equation of motion of m x is 

m \g ~ T= m i a (i) 

Net force in the direction of motion of m 2 is (T - m 2 g). 
Therefore, the equation of motion of m 2 is 

T - m 2 g = m 2 a (ii) 


From (i) and (ii) we get 


a = 


m, - m 2 
/??, + m 2 ) 


g 


and 


T = 


/77 1 + m 2 ) 


g 


(2) Two masses in contact Figure 3.6(a) shows two 
blocks of masses m , and m 2 placed in contact on a horizontal 
frictionless surface. A force F is applied to mass As a 
result, the masses move with a common acceleration a. To 
find a and the contact force on w 2 , we draw the free body 
diagrams as shown in Figs. 3.6(b) and (c). 



F.B.D. of m 2 


a 


R 


m 2 


(c) 


Fig. 3.6 


R = normal reaction force between the blocks. From 
Figs. 3.6(b)and (c), we get 

F - R — m x a (i) 


(1) Two masses tied to a string going over a friction less 
pulley Consider two bodies of masses m , and m 2 (m , > m 2 ) 
connected by a string which passes over a pulley, as shown 
in Fig. 3.5(a). When the bodies are released, the heavier 
one moves downwards and the lighter one moves up. 



Fig. 3.5 


and R = m : a (ii) 

Adding (i) and (ii) we get 

F = (m j + m 2 )a 
F 

=> a = - 

(ni\ + m 2 ) 

Contact force on m 2 is 

m i F 

r 2 = nu a = --- 

(ni\ + w 2 ) 

(3) Three masses in contact Figure 3.7(a) shows three 
blocks of masses m h m 2 , and m 3 placed in contact on a 
horizontal frictionless surface. A force F is applied to 
m ,. As a result, the three masses move with a common 
acceleration a. To find a and the contact forces on m 2 and 
w 3 , we draw the free body diagrams as shown in Figs. 
3.7(b) (c) and (d). 
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(b) (c) (d) 

Fig. 3.7 

R' = contact force on m 2 = reaction force between m x 
and in 2 

R = contact force on w 3 = reaction force between m 2 and 
"h 

It follows from Figs. 3.7(b), (c) and (d) that 



F - R' = m { a 

(0 


R' - R = m 2 a 

(ii) 

and 

R = m 3 a 

(iii) 


Adding (i), (ii) and (iii) we get 

F 

a = - 

(/??, + nu + /w 3 ) 

Contact force on rn 2 is F 2 = R' which from (ii) is given by 
F 2 = R' = R + m 2 a 
Using (iii) we have 

F 2 = n U a + m i a 

= (m 2 + m 3 )a 
F = {f» 2 +m 3 )F 
(/??, + m 2 + m 3 ) 

Contact force on m 3 is 

_ /?7 3 F 

F 3 = R = m 3 a = --- 

(m, + m 2 + /w 3 ) 

(4) Two masses connnected with a string Figure 3.8(a) 
shows two blocks of masses m x and m 2 connected with 
a string and lying on a horizontal frictionless surface. A 
force F is applied to m 2 . As a result, the masses move with 
a common acceleration a. To find a and force exerted on 
m j, we draw the free body diagrams as shown in Figs. 
3.8(b) and (c). T is the tension in the string. 



(a) 


F.B.D. of mi F.B.D. of/?/ 2 


—► a —► a 



Fig. 3.8 


It follows from Figs. 3.8(b) and (c) that 


T = m x a 


and 


\ F -T = m 2 a 

Adding (i) and (ii) we get 

F 

a = - 

m x + m 2 

Tension in the string is 

T - m \ F 

T = m , a = - - - 

/??, + m 2 



Fig. 3.9 

If force F is applied on mass m x as shown in Fig. 3.9, 
then 

F 

a = - 

m, + m 2 

Tension in the string is 

T = -2- 

m x + m 2 

(5) Three masses connected by strings Figure 3.10 (a) 
shows three blocks of masses /??,, m 2 and m 3 connected 
by two strings and placed on a horizontal frictionless 
surface. A force F is applied to m,. As a result, the blocks 
move with a common acceleration a. To find a and the 
forces acting on m 2 and w 3 , we draw free body diagrams 
as shown in Fig. 3.10(b) and (c) and (d). T is the tension 
in the string between /;?, and m 2 and T' is the tension in the 
string between m 2 and m y 




(a) 

F.B.D of m 3 

F.B.D of m 2 

—►- a 

nu -^ T' 

— >- a 

T' 

/ - HI 

j - rn 2 - 

(b) 

(c) 


Fig. 3.10 


F.B.D of m, 



It follows from Figs. 3.10(b), (c) and (d) that 
r = m 3 a 
T - r = m 2 a 


F - T = m , a 


Adding (i), (ii) and (iii), we get 


(0 

(ii) 

(iii) 
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F 


a = 


(ill] + 111 2 + ill2 ) 


The tension in the string between /??, and m 2 is T, which 
is obtained by adding (i) and (ii). 

r r / \ \ (m 2 +m 3 )F 

T = (m 2 + m 3 )a = 


(lll\ + HI 2 + W 3 ) 

The tension in the string between m 2 and m 3 is T\ which 
from (i) is given by 


T' = m 3 a= 


m 3 F 


(ni] + m 2 + m 3 ) 


(6) Two masses connected by a string and suspended 
from a support Two blocks of masses m x and m 2 are 
connected by two strings and suspended from a support 
as shown in Fig. 3.11(a). Mass m 2 is pulled down by a 
force F. The tension T in the string between m, and m 2 
and tension T' in the string between m x and the support 
can be found from the free body diagrams as shown in Fig. 
3.11(b) and (c). 



F.B.D of/;/ 


F.B.D of m 



m i 8 



(a) 


(b) 

Fig. 3.11 


(c) 


r = T + m x g 
T = F+ m 2 g 

Using (ii) and (i), we get 

T' = F+ (ni] + m 2 )g 


(0 

(ii) 


(7) Two blocks connected by a string passing over a 
frictionless pulley fixed at the edge of a horizontal 
table Consider a block of mass m x lying on a frictionless 
table connected through a pulley to another block of mass 
ni 2 hanging vertically (Fig. 3.12). When the system is 
released, let acceleration of the blocks be a. 

From free body diagrams, the equations of motion of m, 
and ni 2 are 


T = ni]Ci 

and m 2 g - T = m 2 a 

Adding (i) and (ii), we get 

m 2 g 

a = 


(0 

(ii) 


(ni\ + m 2 ) 


Also 


rn _ _ ni\m 2 g 

T = m x a = 


(ill] T Ml 2 ) 



F.B.D. of m i 


F.B.D. of m 2 


a 


m i 




m 2 


\ 


a 


"'lZ 


(b) 

Fig. 3.12 

If the table top is frictionless, the blocks will move even 
if in 2 < ni]. 

If p is the coefficient of friction between block m x and 
the table, the force of friction is 

/= f-iR = lining 

From F.B.D. of ni] (Fig. 3.13), Eq. (i) becomes 
T -f— m x a => T - pm x g = m x a 


a 



Fig. 3.13 

(8) Two blocks connected by a string passing over 
a frictionless pulley fixed at the top of an inclined 
plane Let T be the tension in the string. Since the 
pulley is frictionless, the tension is the same throughout 
the string (Fig. 3.14). There are the following two cases: 
(a) Mass m x moving up along the incline with acceleration 
a [Fig. 3.14] 
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(b) 

Fig. 3.14 


The equations of motion of/ 77 , and m 2 [see Fig. 3.14(b)] 



T— 777,g sin 0- m x a 

(0 


m 2 g- T = m 2 a 

(ii) 

which give 

(m 2 -m x sin 0 )g 
(wj, +m 2 ) 



T - m x g sin 0, = m x a 
and m 2 g sin d 2 - T= m 2 a 

Eliminating T , we get 

_ (m 2 sin 0 2 - m x sin 0 , )g 

(w, +m 2 ) 

Also T = m x (a + g sin 6 X ) 

= m 2 (g sin 0 2 - a) 



(10) One blocks are placed on top of the another A 

bloek of mass m x is plaeed on another bloek of mass m 2 , 
which is lying on a horizontal frictionless surface. The 
coefficient of friction between the blocks is p. 

Case I: The maximum force that can be applied on 
the lower block so that the upper block does not slip 
[Fig. 3.16(a)] 


and T = m 2 (g - a) 

If p is the coefficient of friction between m x and the 
inclined plane, the frictional force/= pR = pm x geos ©will 
act down the plane because the block m x is moving up the 
plane. In this ease, Eq. (i) is replaced by 

T - m x g sin 0 -/= m x a 
=> T - m x g sin 0 - pm x g cos 0 = m x a 

(b) Mass m , moves down the incline with acceleration a 

In this case, we get m x g sin 0- T= m x a and T- m 2 g 
= m 2 a which give 

(7/7 1 sin0- m 2 )g 

K+w 2 ) 

and T = m 2 (g + a) 

(9) Two blocks connected by a string passing over a 
frictionless pulley fixed at the top of a double inclined 
plane Let the block of mass //?, move up along the 
inclined plane of angle of inclination 0,, and the block 
of mass 777 2 move down the inclined plane of angle of 
inclination 0 2 (Fig. 3.15). Let Tbc the tension in the string. 
Then, for m x and /?? 2 , we have 



(a) 


F.B.D. of m x 

R 
i 

- 


m 


■f=pR 


t 

m \g 


(b) 



Fig. 3.16 

F max = maximum value of force F so that bloek m x does 
not slip of block m 2 

f = frictional force on m x due to m 2 
= HR = [xm 

Due to friction, m 2 will try to drag m x to the right. I lence 
frictional force / acts towards left. From F.B.D. of 777,, 
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f=m i a=>ium ] g =>/ug = a (i) 

Here, a is the acceleration of each block. 

R' = normal reaction on in 2 by the 
horizontal surface. 

From F.B.D. of m 2 , we have 



R + m 2 g = R' 

(ii) 

and 



=> 

^max - , LlR = «2 a 

(iii) 

=> 




Using (i) in (iii), we get 

^max =('”l + ™ 2 ) M 

(a) If F > F max , W) will begin to slide on m 2 and then 
their accelerations will be different. 

(b) If F < F max , m , and m 2 move together without any 
relative motion between them. 

Case 2: The maximum force that can be applied on the 
upper block so that it does not slip on the lower block. 
[Fig. 3.17(a)] 



(b) (c) 

Fig. 3.17 


F max = maximum value of force F so that block m x just 
begins to slide on block m 2 

Block /w, tries to drag block m 2 toward right due to 
frictional foree/= pR = pm x g. The frictional force exerted 
by w, on m 2 will be towards right. 

R' = normal reaction on m 2 by the horizontal surface. If 
a is the acceleration of blocks towards right, from F.B.D. 
of m, we have 



Using (ii) in (i), we get 

= p(m x + m 2 )m x g 

"max 

m 2 

(a) IfF < F max , the blocks move together without any 
relative motion. 

(b) IfF Fiyi ^ x 5 the blocks slide relative to each other and 
then their accelerations are different. 

Q EXAMPLE 4 A block of mass m = 1 kg is pulled 
by a force F= 10 N at an angle 0= 60° with a horizontal 
surface as shown in Fig. 3.18. Find the acceleration of the 
block if 

(a) the surface is frictionless and 

(b) the coefficient of kinetic friction between the surface 
and the block is p = 0.2. Take g= 10 ms 2 . 



Fig. 3.18 

© SOLUTION I he free body diagrams of the block 
in the two cases are shown in Fig. 3.19. 


Fsin 0 



mg 


(a) 


Copyrighted material 




Laws of Motion 3.9 


/•’sin 6 



(b) 

Fig. 3.19 


(a) From Fig. 3.19(a) 

Fcos 6 = ma 

Fcos# 1 Ox cos60° _ _ 7 

=> a - -=-= 5 ms 

m 1 

(b) From Fig. 3.19(b) 

Fcos 0 - f = ma 
=> Fcos 6 - limg = ma 

= 5 , a = Fco&e-nmg 

m 

10cos60°-0.2 x 1 x 10 

= rr ] 

= 3 ms 


(Q SOLUTION Mass of string CD is m = 0.5 x 0.5 = 
0.25 kg Since string AB is massless, the tension in AB is 
the same at every point. 

(a) Total mass below point P = m, + m + m 2 

= 2 + 0.25 + 3 = 5.25 kg 

Tension at P — 5.25 x 10 = 52.5 N 

(b) Total mass below point Q = mass of length QD + m 2 

= 0.5x0.3 + 3 = 3.15 kg 

Tension at Q - 3.15 x 10 = 31.5 N 

EXAMPLE 6 A block of mass m = 100 g is placed 
on an inclined plane of inclination 6 = 30° as shown in 
Fig. 3.21. There is no friction between the block and the 
inclined plane. What minimum acceleration a should be 
given to the system to the left so that the block docs not 
slide down the plane? 


* 



Fig. 3.21 


From Fig. 3.19(b) we also have F sin 0 + R = mg or 
Fsin 6 = mg - R. Since F sin 0 < mg , the block does not 
move upwards. 

Q EXAMPLE 5 Two blocks of masses w, = 2 kg and 
m 2 = 3 kg are suspended from a rigid support by means of 
strings AB and CD as shown in Fig. 3.20. String AB has 
negligible mass and string CD has mass 0.5 kg/m. Each 
string has length 50 cm. Find the tension (a) at mid-point 
P of string AB and (b) at point Q of string CD where CQ 
= 20 cm. Take g = 10 ms 2 . 



SOLUTION 

on the block. 


Figure 3.22 shows the forces acting 


R cos 6 



Fig. 3.22 

R cos 6 = mg 
R sin 9 = ma 

a = g tan 6 

= g tan 30° = 4 s 
v3 
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\Q EXAMPLE 7 A pendulum of bob of mass m = 
100 g is suspended from the ceiling of the compartment 
of a train. If the train has the acceleration a as shown in 
Fig. 3.23, the string makes an angle 0 = 60° with the 
vertical. Find the value of a. 



SOLUTION Figure 3.24 shows the free body dia¬ 
gram of the bob. 

Force on the bob in the direction of motion of the train 
= T sin 9. Hence the equation for horizontal direction is 

T cos 6 



Fig. 3.24 

T sin 6 = ma 

For equilibrium along the vertical direction 
T cos 6 = mg 
Dividing (i) and (ii), we get 


(i) 

(ii) 


a 

tan 6 = — 
Z 


a = g tan 6 = 9.8 x tan 60° 

= 9.8 x V3 = 17ms" 2 


5y EXAMPLE 8 Two blocks of masses /??, = 1.5 kg and 
m 2 = 2 kg are attached to each other by strings and pulleys 
as shown in Fig. 3.25. Assume that pulleys are massless 
and frictionless and strings are massless. The system is 
released. If the table is frictionless, find the accelerations 
of m , and m 2 and tensions in the strings. Take g = 10 ms . 



Q) SOLUTION Let a x and a 2 be the acceleration of /;?, 
and m 2 respectively. Let .v, and x 2 be the distances moved 
by m , and m 2 in a time t. Since the total length of the string 
remains unchanged, it follows that if m x moves a distance 


Y 

x , to the right, m 2 will descend by a distance x 2 = — or 


jc, = 2x 2 . Differentiating twice w.r.t. time we get 


d~x 


l _ 


dt 


= 2 d x 2 
dt 2 


a x = 2a 2 



Figure 3.26 shows the free body diagrams of m x and m 2 . 
Here T x = tension in string attached to m x and T 2 = tension 
in string attached to m 2 . 


For mass m 


For mass m 2 
T, 






Fig. 3.26 


For block m 


T \ =w i«i 




For pulley P : 


h T x 


A A 


(0 


For block m 2 

m 2 g- T 2 = m 2 a 2 (ii) 

Since the pulley is massless and frictionless T 2 ~2T X (iii) 
Also a x =2a 2 . (iv) 
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Using (iii) and (iv) in (ii), we have 


»hg 


-27\ = M. 


Eliminating T x from (i) and (v), we get 

2m 2 g _ 2x2x10 


m 2 + 4/7? | 


a~> = — = — = 2.5 ms 
2 2 


2+ 4x1.5 


= 5 ms 2 


From eq. (i), 


T x = /?7|tf, = 1.5 x 5 = 7.5 N 
T, =27, =2x7.5 = 15 N 


Q EXAMPLE 9 Two blocks of masses m x = 100 g and 
m 2 = 5 kg with /??, placed on m 2 are connected to a 
frictionless and massless pulley as shown in Fig. 3.27. The 
string connecting them is also massless. The coefficient of 
static friction between //7, and m 2 is fJ = 0.5. There is no 
friction between m 2 and the horizontal surface. Find the 
maximum horizontal force Fthat can be applied on m x so 
that it docs not slide on m 2 . 



Fig. 3.27 

$ SOLUTION Frictional force between ///, and m 2 is 
/ = juR x = F m \g- If T is the tension in the string, the free 
body diagrams of m x and m 2 arc as shown in Fig. 3.28. 

It follows from Fig. 3.28(a) that 

R ] (i) 

and F -/- T = 0 (ii) 

From Fig. 3.28(b), we have 

T-f = 0 => T=f (iii) 

and R 2 =^,+//7 2 g (iv) 

Using (iii) in (ii) 

F-f-f = 0=>F=2f= 2 nm x g 

Block //?, will not slide on block m 2 if F is less than a 
maximum value F max given by 

^max — 2flm \g 

= 2 x 0.5 x 0.1 x 10 = 1 N 


and 




© EXAMPLE 10 A boy of mass m = 50 kg is standing 
on a weighing machine placed on the floor of an elevator. 
What is the weight of the boy when the elevator is (a) at 
rest, (b) moving up with an acceleration a = 2.2 ms 1 and 
(c) moving down with an acceleration 2.2 ms 2 . 

@ SOLUTION The weighing machine reads the reac¬ 
tion R exerted by it on the boy. Fig. 3.29 shows the free 
body diagrams in the three cases. 


R 


R\ 


*2 



mg mg mg 

(a) (b) (c) 

Fig. 3.29 

(a) R = nig = 50 x 9.8 = 490 N, the true weight of the 
boy. 
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(b) R x - mg = ma 

=> R x = m(g + a) = 50 x (9.8 + 2.2) = 600 N 

(c) mg - R 2 = ma 

=> R 2 = m(g -a) = 50 x (9.8 - 2.2) = 380 N 






1 


If the elevator is moving up or down with a 
uniform velocity a = 0 then the reading of the 
machine gives the actual weight. 



1 1 



EXAMPLE 11 A uniform cord AB of mass M = 2 
kg and length L = 100 cm is pulled at ends A and B will 
forces F, = 4 N and F 2 = 3 N as shown in Fig. 3.30(a). Find 
the tension at point P at a distance jc = 20 cm from end A. 


-x- 


F\-<- 


L- 


B 


F> 


Fig. 3.30(a) 

SOLUTION Since F, > F 2 , the cord will accelerate 
to the left. Let a be the acceleration. To find tension T at P 
we consider the sections AP and PB of the cord. 


Mass of part AP is m x = 


Mx 


M 

Mass of part PB is m 2 = — (L - x ) 

L 

Figure 3.30(b) shows the free body diagrams of parts AP 
and PB. 


< - a 


F\ 




T 


4(1 - 0.2) + 3 x 0.2 


= 3.8 N 


///z/////////// /////// ///////// 



Fig. 3.31(a) 


EXAMPLE 12 A monkey of 

mass m = 30 kg is climbing up a 
. . _2 
rope with an acceleration a = 5 ms 

relative to the rope. The rope passes 

over a frictionless fixed pulley and 

has a block of mass M— 15 kg at the 

other end as shown in Fig. 3.31(a). 

Find (a) acceleration of the rope, (b) 

acceleration of monkey and (c) tension 

in the rope. Take g = 10 ms 2 . 

(Q SOLUTION Let A be the acceleration of the block 
in the upward direction and Fbe the tension in the rope. 
The rope will have acceleration A in the downward direc¬ 
tion. I lence the monkey will have a net acceleration (A - a) 
in the downward direction. Figure 3.31(b) shows the free 
body diagrams of the monkey and the block. 

F.B.D. of monkey F.B.D. of block 

T T 


m 


(A - a) 


M 


t 


mg 


Mg 


Fig. 3.31(b) 

For monkey: mg - T = m(A - a) 


(i) 


-«- a 

T ■ F, 

P B 

Fig. 3.30(b) 

For part AP: F x -T = m x a (i) 

For part PB: T- F 2 = m 2 a (ii) 

Dividing (i) and (ii) we get 


Mx 

F \~ T _ W| . L x 

T-F 2 m 2 M {l _ x) L - x 

L 


which gives 


T = 


Fj (L - *) + F 2 x 

~~L 


For block: T - Mg = MA (ii) 

Adding (i) and (ii), we get 

mg - Mg = m (A - a) + MA 
A = m(g + a)~ Mg 
M + m 

= 30(10-4-5)— 15x10 
15 + 30 
= 6.7 ms 2 

Acceleration of monkey = A - a = 6.7-5 

= 1.7 ms -2 

Tension in the rope T— M(g + A) 

= 15 x (10 + 6.7) = 250 N 
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EXAMPLE 13 A block of 
mass m = 2 kg is held stationary 
against a wall by applying a 
horizontal force F on it as shown 
in Fig. 3.32(a). If the coefficient of 
friction between the block and the 
wall is fJ = 0.25, find the minimum 
value of F required to hold the block 
against the wall. Take g = 10 ms 2 . 


SOLUTION Let R be the normal 
reaction exerted on the block by the 
wall and/be the frictional force. 
Figure 3.32(b) shows the forces on 
the block. 



F- 



ill 

./ 

- 






R 


mg 

Fig. 3.32(b) 

Since the block is held stationary, no net force acts on 
it. Hence 


and 


/ = mg 
F = R 


For no slipping,/< /jR or mg < / iF or F > 


mg 

P 


F 


min 


mg _ 2x10 
H 0.25 


80 N 


EXAMPLE 14 A block of mass m = 2 kg is held in 
contact with a block of mass M = 10 kg by applying a 
horizontal force F on it as shown in Fig. 3.33(a). Block M 
is lying on a horizontal frictionless surface. The coefficient 
of friction between the blocks is fi = 0.4. Find the minimum 
value of F required to hold m against M. Take g = 10 ms . 


M 



Fig. 3.33(a) 


SOLUTION Since the two blocks are always in contact, 
they will have the same acceleration, say a. Figure 3.33(b) 
show the free body diagrams of the blocks. 




f 


m 


f 


R R 


t 

mg 



a 


Fig. 3.33(b) 


For block m : 

F - R = ma 

(0 

and 

f = mg 

(ii) 

For block M : 

R =Ma 

(iii) 

and 

Mg +f = R' 

(iv) 

Eliminating a 

from (i) and (iii), we get 



a- MF 

M + m 


For no slipping,/< ).iR 


or 

flMF 

mg < - 

M + m 


or 

F ^ mg(M + m) 
pM 



_mg(M + m) 
min UM 

_ 2x10(10 + 2) _ 


0.4x10 


= 60 N 


EXAMPLE 15 A block P of mass m = 1 kg is 
placed over a plank Q of mass M = 6 kg placed over a 
smooth horizontal surface as shown in Fig. 3.34. Block P 
is given a velocity v = 2 ms 1 to the right. If the coefficient 
of friction between P and Q is /J = 0.3, find the acceleration 
of Q relative to P. 


m 


P 


v 







Fig. 3.34 


SOLUTION Frictional force between P and Q is 
/= pmg which will retard P and accelerate O. 


Retardation of P is a ? = 


m m 
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Acceleration of Q is a n = — = 

Q M M 

.\ Acceleration of Q relative to P is 

pmg 


“qp = a Q ~ a P = 


M 


-(-Hg) 


= lUg 1 + 


= 0.3x 10 


m 


My 


i 


1+ l 

6 


= 3.5 ms 


-2 


EXAMPLE 16 A block of mass m = 500 g is placed 
on the top of an inclined of inclination 6 = 30° kept on 
the floor of a lift which is moving up with an acceleration 
a = 2 ms . Find the coefficient of friction between the 
block and the incline so that the block moves down with 
a constant velocity. 

© SOLUTION + a 

The block will move down the plane with a constant 

velocity if no net force acts on it, i.e. 

Force down the plane = frictional force 
w£ e ff sin e = /umg c{{ cos 6 
=> p = tan 0= tan 30° - 0.58 

© EXAMPLE 17 A cube of mass m = 1 kg is placed 
on a wedge of mass M = 2 kg as shown in Fig. 3.35(a). 
There is no friction between the cube and the wedge. Find 
the minimum coefficient of friction between the wedge and 
the horizontal surface so that the wedge does not move. 



SOLUTION Figure 3.35(b) 
shows the horizontal force F x and 
the vertical force F exerted by the 
cube on the wedge. 

F x = (mg cos 0) sin # and 
F v = (mg cos 0) cos # 

Weight of the wedge = Mg acting 
vertically down wards. Hence Net 
horizontal force on the wedge is 

F = mg cos# sin# 



Net vertical force on the wedge is 

N = Mg + mg cos # 

.. _ F m cos# sin# 

Mmin — =- 


N M + m cos“ # 

1 x cos45° x sin45° 
2 + 1 x cos 2 45° 


= 0.2 


EXAMPLE 18 In Example 17 above there is no 
friction between the cube and the wedge and between 
the wedge and the horizontal surface below. If the wedge 

moves towards the right with an acceleration a = 


V2 


ms 


-2 


, find the acceleration of the cube relative to the wedge 
when the cube is released. 

© SOLUTION Let A be the acceleration of the cube 
relative to the wedge as the cube moves down the plane. 
Its acceleration when the wedge moves to the right with 
acceleration a is (A cos# - a) directed towards the left. For 
dynamic equilibrium, 

m (A cos# - a) = Ma 

(M + m ) a 

=> A = --— 

m cos # 

= (2 + l)x Msll 
1x cos45° 

= 3 ms 2 

© EXAMPLE 19 A block of mass m is lying on the 
floor of a lift. With what acceleration a should the lift 
descend so that the block exerts a force mg! 3 on the floor 
of the lift? 


«! 


(b) 


(c) g (d) 

SOLUTION Refer to Fig. 3.36. 

Lift 


2g 

3 

3 g 



N 


\ 

a 


(a) 


mg 

(b) 


Fig. 3.36 
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Figure 3.36(b) shows the free body diagram of the block. 
It is clear that 


For 


mg - N = ma 
N = 5* 


mg 

mg -= ma 

3 


=> 


2g 

3 


IQ EXAMPLE 20 A block of mass m is placed on a 
frictionless inclined plane of inclination 0 . The inclined 
plane has its base fixed on the floor of a lift which is 
going up with a constant acceleration a. When the block 
is released, it will slide down the plane with acceleration 



(a) (g + a) sin 9 (b) (g - a) sin 9 

(c) (g + a) cos 0 (d) (g- a) cos 0 

SOLUTION Refer to Fig. 3.37. 



Fig. 3.37 


Figure 3.37(b) shows the free body diagram of the block. 
The forces acting on the block are: 

(i) weight mg downwards 

(ii) normal reaction N perpendicular to the inclined plane 
(iii) reaction force ma downwards (pseudo force). 

The components of mg and ma parallel to the inclined 
plane are mg sin 0 and ma sin 0 respectively. The net force 
on the block sliding down the plane is 

F = mg sin 0 + ma sin 0 = m (g + a) sin 0 

F 

Acceleration of the block = — = (g + a) sin 9 

m 

0 EXAMPLE 21 In Example 22 above, the normal 
force acting on the block is 

(a) m(g + a) sin 9 (b) m (g - a) sin 9 

(c) m (g + a) cos 9 (d) m (g - a) cos 9 

SOLUTION The components of mg and ma perpen¬ 
dicular to the inclined plane are mg cos 9 and ma cos 9 
respectively [see Fig. 3.37(b)]. Since the block does not 


move perpendicular to the plane, the total force on it must 
be zero, i.e. 

N - mg cos 9 - ma cos 0=0 
=> N = m(g + a) cos 9 


(Q EXAMPLE 22 A block B of mass m placed on a 
horizontal frictionless surface is tied to a point A on a 
vertical wall by means of a massless string going over a 
frictionless moveable pulley P as shown in Fig. 3.38(a). A 
force F is applied to the pulley as shown. The acceleration 
of the block is 



2F 

m 



m 




SOLUTION 


(c) zero 

Refer to Fig. 3.38. 



(a) (b) 

Fig. 3.38 


Figure 3.38(b) shows the free body diagram of the pulley. 
The forces acting on the pulley are: 

(i) F towards right 

(ii) tension T towards left by portion PA of the string 

(iii) tension T towards left by portion PB of the string 
Since the mass of the pulley is zero, we have 

F- T-T — 0 

=> t= f - 

2 

Now, for the block, the only horizontal force is tension T 
acting towards right, its acceleration is 

L-JL 

m 2m 

Q EXAMPLE 23 A block of mass m is suspended 
by strings AB and CB making angles a and [3 with the 
horizontal as shown in Fig. 3.39(a). If the strings have 
negligible mass, the tension in AB is 

mg cos (3 


(a) 


(c) 


sin (a + (3) 

mg cos a 
cos (a + /3) 


(b) 


(d) 


mg sin (3 
sin (a + /?) 

mg sin a 
cos (a + j3) 
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(a) (b) 


Fig. 3.39 


Figure 3.39 (b) shows the free body diagram of the block. 
The horizontal components of T ] and T 2 give 

T, cos a= T 2 cos [i (i) 

For the vertical components, we have 

T, sin a+ T 2 sin [5 = mg (ii) 

Eliminating T 2 from (i) and (ii), we get 


T _ mg cos /? 
sin (a + /?) 

Q EXAMPLE 24 Block A of mass m and block B of 
mass 2 m are placed on a fixed triangular wedge by means 
of a massless string and a frictionless pulley as shown 
in the figure. The coefficient of friction between block 
A and the wedge is 2/3 and that between block B and the 
wedge is 1/3. If the blocks are released from rest, find the 
acceleration of block A. 



Fig. 3.40(a) 


sQ SOLUTION Case (a): Let us assume that block A 
moves up the plane and block B moves down the plane. 
The free body diagrams of the blocks are as follows. 



Fig. 3.40(b) 


The equations of motion of blocks A and B are 
T - mg sin 45° - fj , mg cos 45° = ma, where p A = 2/3 and 
2 fig sin 45° - fl B 2 mg cos 45° -T= 2 ma , where p B = 1/3. 

g 

Adding these equations and solving we get a =- l —j= 

9v2 


Case (b): If we assume that block A moves down and block 


B moves up, we would get a = - 


2a_ 

9V2 


. Thus in both cases. 


the acceleration has a negative value which implies that 
the blocks will decelerate. This is not possible because the 
blocks start from rest. Hence when the blocks are released, 
they move with zero acceleration. Thus acceleration of 
block A = 0. 


9. Solving Problems in Mechanics by Constraint 
Relation Method 


(1) Constraint Relation for a Moveable Pulley 

Consider two blocks 1 and 2 attached at the ends of a string 
going over a moveable pulley. Let x p be the displacement 
of the pulley and x x and x 2 be the displacements of the 
blocks. 



Fig. 3.41 

The constraint relation is as follows. The displacement 
of the pulley = average displacement of the blocks, i.e. 

(a) If the blocks are displaced in the direction of the 
displacement of the pulley, the constraint relation is 
[Fig. 3.41 (a)] 
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*/> = 


*1 + *2 


(b) If block 1 moves up and block 2 moves down as 
shown in Fig. 3.41(b), the constraint relation is 

= *,-s 2 
* 2 

(c) If one ends of the string is connected to a fixed end, as 
shown in Fig. 3.41(c), then.v 2 = 0 and the constraint 
relation is 

.V, + 0 A', 




= -f or x, = 2x p 


This result can also be obtained as proved in Example 
25 below. 

<Q EXAMPLE 25 A block B of mass m placed on a 
horizontal frictionless surface is tied to a point A on a 
vertical wall by means of a masslass string going over 
a frictionless moveable pulley P as shown in Fig. 3.42. 
Show that if the pulley is displaced by a distance x p , the 
block will be displaced by 2.x /r 



Fig. 3.42 

SOLUTION Suppose the pulley is displaced to P' 
and block to B' (see Fig. 3.43) 



Fig. 3.43 

Since the total length of the string remains the same 

AP + PB = AP + PP' + P'P + PB' 
Hence AP + PB' + B'B = AP + 2PP' + PB' 

B'B = 2 PP' 

=> a = 2a„ 


EXAMPLE 26 If a force F is applied to the pulley 
as shown in Fig. 3.42, find (a) the acceleration of the block 
and (b) the acceleration of the pulley. 

Q SOLUTION Refer to the solution of Example 22 
on page 3.15. 

r 

(a) The acceleration of the block is a = ~— 

2m 

(b) Since the displacement of the pulley = half the 
displacement of the block, the acceleration of the pulley is 

F 


a 

a P= 2 


Am 


EXAMPLE 27 Figure 3.44 shows two blocks 1 and 
2 connected by means of strings to two pulleys P, and P 2 . 
Pulley P ] is fixed and pulley P 2 is moveable. Show that, if 
block 1 is moved down by a distance a,, the block 2 moves 


A, 


up by a distance a 2 = ~. 



Fig. 3.44 

SOLUTION As pulley P, is fixed * 


A = °- 

Therefore, if block 1 is moved down by a,, the other end 
of the string must move up by Aj, because 


A 


p, = 0 = 


A, + A 


A = -A 


2 ^ ~ ~ 1 

Since the other end of the string going over pulley P 2 is 

fixed, 


= 


A, + 0 


A, 


2 2 
which gives x { = 2a r 


a, = 2a- 


A, 


■*2 


EXAMPLE 28 Figure 3.45 shows two blocks 1 and 
2 connected by means of strings to two pulleys P, and P 2 . 
Pulley P, is fixed and pulley P 2 is moveable. Show that, 
if block I is moved up by A h the block 2 moves down by 
At = 2a,. 
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SOLUTION 


Fig. 3.45 

As pulley P\ is fixed, pulley P 2 will 


move down by x { . Hence 



For pulley 2, 

x r 2 =-*,= 


x 2 +0 



The negative sign shows that if block 1 moves up, block 
2 will move down. 


(2) Constraint Relation for a Moveable Wedge (or 
Inclined Plane) 

Consider a block of mass m moving with a certain velocity 
on a wedge (inclined plane) of inclination 6 as shown in 
Fig. 3.46(a). The wedge in moved with a velocity u as 
shown. 



(b) 

Fig. 3.46 


To find the velocity v of the block perpendicular to the 
contact plane AB , we use the following constraint relation: 
The relative velocity of the block (with respect to the 
wedge) in a direction perpendicular to the contact plane 
is always zero. i.e. velocity v of the block perpendicular to 
AB = component of velocity v of the block perpendicular 
to AB. From Fig. 3.46 (b) it follows that 

v = u sin 0 

Note : If the wedge is immoveable or is at rest, u = 0 then 
v = 0, i.e. the block cannot move perpendicular to AB. This 
happens because the component mg cos 0of the weight of 
the block balances with the normal reaction. 

(3) Constraint Relation when the Distance Between 
Two Points Always Remains Constant 

In cases when the distance between two points always 
remains constant, we use the following constraint relation. 
The relative velocity of one point of an object with respect 
to any other point on the same object in the direction of 
the line joining them always remains equal to zero , i.e. 
the velocity of one point on the object = the components 
of velocity of any other point along the line joining them. 
This is illustrated by the following examples 29 and 30. 

Q EXAMPLE 29 A rod AB of length L is leaning on a 
wall and the floor at an angle 6 as shwon in Fig. 3.47(a). The 
end A is moved with a constant velocity u to the left. Find 
the velocity v with which the end B moves downwards. 



Fig. 3.47(a) 

Q SOLUTION Using the constraint relation, (since 
the distance between points A and B always remains 
constant = L), we have [see Fig. 3.47(b)] 

Velocity of B along BA = velocity of A along BA. 
or v sin 0 = u cos 0 
=> v = u cot 0 



Fig. 3.47(b) 
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Alternative Method 

x 2 + y 2 = L 2 

Differentiating w.r.t. time t, we have (since L 

- dx _ dy 
2x — + 2 y— = o 
dt ' dt 

y dx dy 

=* u = ~ v Z (v ~di =u ’lt 


= constant) 



=> w = i; tan# 
=> z; = u cot# 



(Q EXAMPLE 30 A block 4 placed one horizontal 
frictionless surface is tied to another block B by means of 
an inextensible string going over a pulley as shown in Fig. 

з. 48(a). The block A is moved towards left with a velocity 

и. Find the velocity with which block B moves upwards. 



(a) 



Eig. 3.48 

Q SOLUTION Since the distance between points A 
and C remains constant [see Fig. 3.48(b)] and the pulley 
is fixed, velocity of point C along CA = v, the velocity of 
block B upwards. 

Velocity of point C along CA = velocity of point A along 
CA 

or v = n cos 0 


10. Centripetal Acceleration 

If a body moves in a circle at a constant speed, it is said 
to be in uniform circular motion. In such a motion, the 


magnitude of the velocity (i.e. speed) is constant but the 
direction of the velocity vector is continually changing. 
Thus the velocity is changing with time. Hence the motion 
of the body is accelerated (see Fig. 3.49). The acceleration 
is directed towards the centre of the circle and is called 
centripetal acceleration. The magnitude of the centripetal 
acceleration is given by 



Fig. 3.49 


a c = tov 

where to is the angular velocity (or angular frequency) and 
v is the speed along the circle. Since v = r(0 , we have 

2 V 2 
a c = cov = to r- — 

r 

where r is the radius of the circular path. The angular 
frequency is related to time period T and frequency v as 


2k „ 

to = — = 2;rv 
T 


Therefore, centripetal acceleration is also given by (since 
v = 2nr!T) 


4 n 2 r 

a = COV — -r- 

T 2 


= An 2 rv 2 


11. Banking of Round Tracks 

When a car (or some other vehicle) negotiates a curved 
level road, the centripetal force required to keep the car in 
motion around the curve is provided by the friction between 
the road and the tyres. The weight of the car is supported 
by the normal reaction due to the earth. If the surface of the 
road is very rough, it provides a large amount of friction 
and hence the car can successfully negotiate the bend with 
a fairly high speed. If/ 7 is the total frictional force between 
the tyres and the road, then 



when m is the mass of the car, v its speed around the curve 
and R is the radius of the curved track. The higher the 
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value of F, the faster is the speed at which the bend can be 
negotiated. If p is the coefficient of friction between the 
tyres and the road, then F < pN\ N= normal reaction = mg. 
The maximum speed which friction can sustain is 

® * y max = RgF 

The large amount of friction between the tyres and the 
road would damage the tyres. To minimize the wearing out 
of tyres the road bed is banked, i.e. the outer part of the road 
is raised a little so that the road slopes towards the centre of 
the curved track. Suppose a car of mass m is moving around 
a banked track in a circular path of radius R as shown in 
Fig. 3.50. Let N ] and N 2 be the reaction at each tyre due to 
the road. Then the total reaction is N = yV, + N 2 acting in 
the middle of the car. If 0 is the angle of the banking, the 
vertical component N cos 0 supports the weight mg of the 
car while the horizontal component N sin 0 provides the 
necessary centripetal force. 



Fig. 3.50 Car on banked curved road 


Thus 


N sin 0 = 


mV 

—R 


F cos 0 


and N cos 0 = mg + F sin 0 

Also F = pN 

where F is the force of friction acting radially inwards on 
the car. These equations give 

_ v 2 - pRg , 2 » 0 + tan0 

tan 0 = - -— 4- and ir= Rg 1 


Rg + pv* “ \- p tan 6 

The first equation determines the proper banking angle for 
given v, R and p , and the second equation the maximum 
speed at which the car can successfully negotiate the curve 
for given R , p and 0 . 

For given 0and R , there is an optimum (best) speed for 
negotiating a banked curve at which there will be the least 
wear and tear, i.e. when friction is not needed at all (p = 
0). If p = 0, this speed is 

v = (Rg tan 0 ) 1 2 

The car will not skid if the angle of banking of the track 
satisfies the relation 


tan 0 = 


v 


% 


12. A Cyclist Negotiating a Curved Level Road 

While negotiating a curved level (unbanked) road, a 
cyclist has to lean inwards which provides the necessary 
centripetal force which prevents him from falling down. 
Figure 3.51 shows a cyclist leaning at an angle 0 with the 
vertical. N is the normal reaction which is given by 

N = mg 

where m is the mass of the cyclist plus the bicycle. The 
force of friction between the road and the tyres is 

F = pN = pmg 


N cos 6 



Fig. 3.51 

The cyclist will skid if the centripetal force mv 2 /R 
exceeds the frictional force F, i.e. if 


mV 

R 


> 


pmg 


where R is the radius of the curved road. Thus skidding 
occurs if 

V > 


13. Motion in a Vertical Circle 


Figure 3.52 shows an object of mass m whirled with a 
constant speed v in a vertical circle of centre O with a 
string of length R. When the object is at top A of the circle, 
let us say that the tension (force) in the string is T x . Since 
the weight mg acts vertically downwards towards the 
centre 0 , we have, 

Force towards centre, F = T { + mg = 


or 



mv 2 

~R~ 


mg 



At the point 0, where OB is horizontal, the weight mg 
has no component along OB. Thus, if the tension in the 
string is 7\ at 0, we have 
Force towards centre, 


F 



mv 2 

R 
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At C, the lowest point of motion, the weight mg acts in 
the opposite direction to the tension T 3 in the string. Thus 
at C we have, 


Force towards centre, F = T 3 - mg = 

.2 


mv‘ 


R 


or 


_ mv 
T i = — + mg 


From (i), (ii) and (iii), we see that the maximum tension 
occurs at lowest point C of the motion. Here the tension 

_ , mv 2 , .... 

1 } must be greater than mg by - to keep the object in 

R 

a circular path. The minimum tension is given by (i) when 
the object is at the highest pointof the motion. Here part 
of the required centripetal force is provided by the weight 
and the rest by T x . 

In order to keep a body of mass m in a circular path, the 
centripetal force, at the highest point A, must at least be 
equal to the weight of the body. Thus 


mv 


a _ 


R 


= mg or v 2 A = Rg or v A = ^Rg 


gives the minimum speed the body must have at the 
highest point so that it can complete the circle. Then the 
minimum speed v c the body must have at the lowest point 
C is given by 

v 2 =vl + 2x2 Rg 

where we have used v 2 = tc + 2gh, with h = 2R. Thus 

v 2 = Rg + 4 Rg = 5 Rg 

v c = 


or 


The tension at this point is given by 


T, = m 


r v 2 c 

■f +g 


\ 


= m ( 5 g + g) 

= 6 mg 

EXAMPLE 31 A body of mass m = 20 g is attached 
to an elastic spring of length L = 50 cm and spring constant 


k = 2 Nm The system is revolved in a horizontal plane 
with a frequency v = 30 rev/min. Find the radius of the 
circular motion and the tension in the spring. 

SOLUTION Angular velocity 

„ . 30 

(0= 2/rv = 2k x — 

, -i 60 

= n rad s . 

F = kx where x is the 

r = L + x. 

I - 


For an elastic spring force 
extension. 

Radius of circular motion 


Or 


Centripetal force = mrof = F 
m(L + x) 0 T = kx 


mLco 


x = 


Tension 


k — mco 2 
= 0.02 x 0,5 x(3.14) 2 
2 - 0.02 x (3.14) 2 
= 0.05 m 

r = L + x = 0.5 + 0.05 
= 0.55 m 

F = for = 2x0.05 = 0.1 N 


EXAMPLE 32 A liquid of mass M and density p is 
filled in a tube AB of length L. The tube is rotated about 
end A with angular velocity co. Obtain the expression for 
the force exerted at the other end B. 

SOLUTION 



Mass of element of length dx is m = 


L 


Ls 

Centripetal force on element = J 


mco 2 x 


Mco 


2 L 


xdx 


1 

= -MLco~ 

2 

EXAMPLE 33 A conical pendulum has a string of 
length / = 50 cm and bob of mass m = 200 g. The bob is 
revolved in a horizontal circle of radius r = 20 cm. If the 
string makes an angle 0= 60° with the vertical, find (a) the 
tension in the string and (b) the speed of the bob around 
the circle. Take g = 10 ms” 2 . 
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Fig. 3.54 

OQ = r and PQ = / 


Force towards centre O = T sin 0 


i.e. 

Also 

(a) From (ii) 


2 


mv _ . . 

- = T sin 0 

r 

(i) 

mg = T cos 6 

(ii) 


7 -- _ 0.2 x 10 _ ^ N 

cosd cos60° 


(b) Dividing (i) by (ii) we have 

v 2 

— = tan 0 

rg 


v = yfrg tan0 

= -y/0.2 x 10 x tan60‘ 


= 1.86 ms 1 

EXAMPLE 34 A coin of mass m = 10 g is placed 
at a distance of 30 cm from the centre of a disc. The disc 
is rotated at 30 rev/min about a vertical axis passing 
through its centre. What should be the minimum value of 
the coefficient of friction between the coin and the disc so 
that the coin does not skid off the disc? 


SOLUTION 

tripetal force, i.e. 


For no slipping, frictional force > cen- 


p mg > marr 


P 


> 


co 2 r 


g 


P 


> 


( 2 ttv) 2 r 

g 


30 

v = 30 rev/min = — = 0.5 Hz, 

60 

r = 0.3 m and g = 9.8 ms 2 . 


P 


min 


4 n 2 v 2 r 

g 


= 4 x (3.14) 2 x (0.5) 2 x 0.3 
9.8 

= 0.3 

© EXAMPLE 35 A small sphere of mass m = 500 g 
moving on the inner surface of a large hemispherical bowl 
of radius R = 5 m describes a horizontal circle at a distance 
OC = 2.5 m below the centre O of the bowl as shown in 
Fig. 3.55. Find the force exerted by the sphere on the bowl 
and the time period of revolution of the sphree around the 
circle. Take g = 10 ms -2 . 


O 



SOLUTION Given OP = 5 m and OC = 2.5 m. There- 
OC 1 

fore cos 6 = - = — => 6 = 60°. 

OP 2 


Radius of circle is r=CP= OP sin 0=5 sin 60° = 


5xV3 

-m 

2 


N cos 0 



Fig. 3.56 

Figure 3.56 shows the forces acting on the sphere, N is 
the normal reaction. 

Net force towards centre C of the circle = N sin 0 
=> mrco 2 = N sin# (i) 


Also 


mg = N cos 6 



From (ii), 


y _ m g _ 0.5 x 10 
cos# cos60° 


10N 


From (i), m(xf R sin0 = N sin0 
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(0 = — = —— = 2rads" 1 

V mR V 0.5 x 5 


.*. Time period 


T = — = k second = 3.14 s 
co 


© EXAMPLE 36 A steel metre rod of mass m = 1.5 
kg rests with its upper end against a smooth vertical wall 
and its lower end on rough horizontal floor. What should 
be the minimum coefficient of friction between the ground 
and the rod so that it can be inclined at an angle of 30° with 
the floor without slipping? 

© SOLUTION Refer to Fig. 3.57. Length of rod 
AB = 1 m 

A, = normal reaction of the wall 


N 2 = normal reaction of the floor 

The frictional force (/) between the rod and the floor 
acts along AD. The weight mg of the rod acts at its mid¬ 
point (centre of mass) C so that AC = ABU. 

For translational equilibrium, 

N 2 = mg and =/ 


Taking moments of forces about A, we have for 
rotational equilibrium 

N 2 x 0 - mg x AD + Nj x BE = 0 
=> 0 -N 2 xAD +/x BE = 0 (/. mg = N 2 , N, =f) 


J_ = AD AC cos 30° 
N 2 BE~ AB sin 30° 


1 V3/2 

-x- 

2 1/2 




Fig. 3.57 


1 

Multiple Choice Questions with One Correct Choice 

SECTION 


1. Two masses m and 2m arc joined to each other by 
means of a frictionless pulley as shown in Fig. 3.58. 
When the mass 2m is released, the mass m will 
ascend with an acceleration of 



Fig. 3.58 


2. A block of mass M is pulled along a horizontal 
frictionless surface by a rope of mass m. If a force 
F is applied at the free end of the rope, the net force 
exerted on the block will be 


(a) 

FM 

(b) Fm 
(M + m 

(M + m ) 

(c) 

FM 

(d )F 

(M - m) 


3. A block is pulled along a horizontal frictionless 
surface by a rope. The tension in the rope will be the 
same at all points on it 

(a) if and only if the rope is not accelerated 

(b) if and only if the rope is massless 

(c) if either the rope is not accelerated or is massless 

(d) always 

4. A block is placed on the top of a smooth inclined 
plane of inclination 0kcpt on the floor of a lift. When 
the lift is descending with a retardation a , the block 
is released. The acceleration of the block relative to 
the incline is 
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(a) g sin 6 (b) a sin 0 

(c) (g - a) sin 6 (d) (g + a) sin 0 

5. A block takes twice as much time to slide down a 
rough 45° inclined plane as it takes to slide down an 
identical smooth 45° inclined plane. The coefficient 
of kinetic friction between the block and the rough 
inclined plane is 

(a) 0.25 (b) 0.50 

(c) 0.75 (d) 1.0 

6. The upper half of an inclined plane of inclination 6 
is perfectly smooth while the lower half is rough. A 
block starting from rest at the top of the plane will 
again come to rest at the bottom if the coefficient of 
friction between the block and the lower half of the 
plane is given by 

(a) p = 2 tan 0 (b) p = tan 9 

(C) V = C— (d) n = -2— 

tan 9 tan 9 

7. A boy of mass m stands on one end of a wooden 
plank of length L and mass M The plank is floating 
on water, if the boy walks from one end of the plank 
to the other end at a constant speed, the resulting 
displacement of the plank is given by 


(a) 

mL 

M 

(b) 

ML 

m 

(c) 

mL 

(d) 

mL 

( M + m ) 

( M - m) 


8. Ball A of mass m ] moving with a velocity v 
undergoes a head-on collision with ball B of mass 
m 2 at rest. After collision, ball A continues moving 
in its original direction with half its original speed. 


The 

speed of ball B after collision will be 


nhV 


(a) 

i 

2m 2 

(b) 

2m x 

(c) 

m x v 

«D W217 


m 2 



9. A shell of mass 2m fired with a speed u at an angle d 
to the horizontal explodes at the highest point of its 
trajectory into two fragments of mass m each. If one 
fragment falls vertically, the distance at which the 
other fragment falls from the gun is given by 


(a) 

u~ sin 20 

(b) 

3 iC sin 20 

g 

2 g 



(c) 

2u 2 sin 20 

(d) 

3 ir sin 29 


g g 


10. A truck carrying sand is moving on a smooth 
horizontal road with a uniform speed u. If a mass 
Am of sand leaks in a time At from the bottom of the 
truck, the force needed to keep the truck moving at 
its uniform speed u is given by 



Amu 

At 



Amu 

~2A7 



Amir 

At 


(d) zero 


II. A block of mass m 2 lying on a horizontal frictionless 
surface is connected to a block of mass /??, by means 
of string which passes over a frictionless pulley 
as shown in Fig. 3.59. If w, > m 2 , the common 
acceleration of the masses is given by (g is the 
acceleration due to gravity) 



(a) 

1 g 

(b) 

t?h 

g 


m 2 


m\ 

(c) 

m ] 

(d) 

m 2 

/ \ g 

(m x + m 2 ) 

(/;?, + m 




12. A force F is applied horizontally to block A of mass 
m j which is in contact with a block B of mass m 2 , as 
shown in Fig. 3.60. If the surfaces are frictionless, 
the force exerted by A on B is given by 



A 


Force 

F -» 


B 

m \ 

m 2 


Acceleration 


Fig. 3. 60 


nu 


(a) —F 


nv 


(c) 


/? 7 | F 


(b) —F 

tfh 


(m, + /w 2 ) 


(d) 


i 

m 2 F 


K + m 2 ) 


13. Two skaters A and B of mass 50 kg and 70 kg, 
respectively, stand facing each other, 6 metres apart 
on a horizontal smooth surface. They pull a rope 
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stretched between them. How far has each moved 
when they meet? 

(a) Both have moved 3 m. 

(b) A moves 4 m and B moves 2 m. 

(c) A moves 2.5 m and B moves 3.5 m. 

(d) A moves 3.5 m and B moves 2.5 m. 

14. Which of the following statements is correct? 

(a) A body has a constant velocity but a varying 
speed. 

(b) A body has a constant speed but a varying ac¬ 
celeration. 

(c) A body having a constant speed cannot have an 
acceleration. 

(d) A body having a constant speed can have a vary¬ 
ing velocity. 

15. A person is sitting facing the engine in a moving 
train. He tosses a coin. The coin falls behind him. 
This shows that the train is 

(a) moving forward with a finite acceleration 

(b) moving forward with a finite retardation 

(c) moving backward with a uniform speed 

(d) moving forward with a uniform speed. 

16. N bullets each of mass m kg are fired with a velocity 
v ms at the rate of n bullets per second, upon a 
wall. The reaction offered by the wall to the bullets 
is given by 

(a) nNmv 


(b) 


Nmv 


n 


/ x nNm 
(c) - 

v 



nNv 

m 


17. A man of weight W = Mg is standing on a lift which 
is moving upward with an acceleration a. If g is the 
acceleration due to gravity, the apparent weight of 
the man is 

(a) W (1 + a/g) (b) W (1 - afg) 

(c) W (d) zero 

18. A block A is released from the top of smooth inclined 
plane and slides down the plane. Another block B 
is dropped from the same point and falls vertically 
downwards. Which one of the following statements 
will be true if the friction offered by air is negligible? 

(a) Both blocks will reach the ground at the same 
time. 

(b) Block A reaches the ground earlier than block B. 

(c) Both blocks will reach the ground with the same 
speed. 

(d) Block B reaches the ground with a higher speed 
than block A. 

19. A block is released from the top of an inclined plane 
of height /; and angle of inclination 6. The time taken 


by the block to reach the bottom of the plane is given 
by 






20. A shell, initially at rest, suddenly explodes into two 
equal fragments A and B. Which one of the following 
is observed? 

(a) A and B move in the same direction at the same 
speed. 

(b) A and B move at right angles to each other at the 
same speed. 

(c) A and B move in opposite directions at the same 
speed. 

(d) A and B move in any direction at the same speed. 

21. A bomb at rest explodes into a large number of tiny 
fragments. The total momentum of all the fragments 

(a) is zero 

(b) depends on the total mass of all the fragments 

(c) depends on the speeds of various fragments 

(d) is infinity 

22 . A block of mass M is resting on an inclined plane 
as shown in Fig. 3.61. The inclination of the plane 
to the horizontal is gradually increased. It is found 
that when the angle of inclination is 6 the block 
just begins to the slide down the plane. What is the 
minimum force F applied parallel to the plane that 
would just make the block move up the plane? 



(a) Mg sin 6 (b) Mg cos 6 

(c) 2 Mg cos 6 (d) 2 Mg sin 6 

23. A block of mass 2 kg rests on a rough inclined 
plane making an angle of 30° with the vertical. The 
coefficient of static friction between the block and 
the plane is 0.7. What is the frictional force on the 
block? 

(a) 9.8 N (b) 0.7 x 9.8 x x/3 N 

(c) 9.8 x x/3 N (d) 0.7 x 9.8 N 
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24. The driver of a car moving at a speed of 20 ms 
sees a child standing in the middle of the road. He 
immediately applies brakes to bring the car to rest 
in 5 s, just in time to save the child. If the mass of 
the car is 940 kg that of the driver 60 kg, what is the 
magnitude of the retarding force on the vehicle? 

(a) 1000 N (b) 2000 N 

(c) 3000 N (d) 4000 N 

25. In Q-24. how far was the child from the car when the 
brakes were applied? 

(a) 50 m (b) 75 m 

(c) 100 m (d) 125 m 

26. A rocket of mass m is blasted vertically upwards with 
an initial acceleration of a. The thrust on the rocket 
at lift-off is 

(a) mg (b) ma 

(c) m(g + a) (d) m(g - a) 

27. A body of mass 200 g is moving with a velocity of 
5 ms 1 along the positive Jt-direction. At time t = 0, 
when the body is at jc = 0, a constant force of 0.4 N 
directed along the negative .v-direction is applied to 
the body for 10 s. What is the position (jc) of the body 
at t = 2.5 s? 

(a) x = 1.0 m (b) x = 1.25 m 

(c) x = 1.5 m (d) x = 1.75 m 

28. In Q.27, what is the velocity of the body at 
/ = 2.5 s? 

(a) 7.5 ms -1 (b) 6.25 ms -1 

(c) 5.0 ms 1 (d) zero 

29. In Q.27, what is the position (jc) of the body at 
/ = 30 s? 


(a) jc = - 350 m (b) jc = - 400 m 

(c) jc = - 450 m (d) x = - 500 m 

30. In Q.27, what is the speed of the body at / = 30 s? 

(a) 10 ms -1 (b) 15 ms -1 

(c) 20 ms -1 (d) 25 ms -1 

31. A train starts from rest with a constant acceleration 
a = 2 ms . After 5 s, a stone is dropped from the 
window of the train. If the window is at a height of 
2 m from the ground, what is the magnitude of the 
velocity of the stone 0.2 s after it was dropped? Take 
g= 10 ms -2 . 

(a) 4>/6 ms 1 (b) 10 ms 1 

(c) 2>/26 ms -1 (d) 12 ms -1 

32. In Q.31, the angle, which the resultant velocity 
vector makes with the horizontal is given by 

(a) 0=tan 1 (0.1) (b) 0 = tan 1 (0.2) 

(c) 0=tan 1 (0.3) (d) 0=tan 1 (0.4) 


33. In Q.31, the acceleration of the stone after it is 
dropped is given by 

(a ) g +a (b) s]g 2 +a 2 

(c) a (d) g 

34. A boy of mass 50 kg is standing on a weighing 
machine placed on the floor of a lift. The machine 
reads his weight in newton. What is the reading of the 
machine when the lift is stationary? 

(a) zero (b) 50 N 

(c) 490 N (d) 500 N 

35. In Q.34, what is the reading of the machine if the 
lift is moving upwards with a uniform speed of 10 
ms -1 ? 


(a) 470 N (b) 480 N 

(c) 490 N (d) 500 N 

36. In Q.34, what is the reading of the machine if the lift 
is moving downwards with a uniform acceleration of 
5 ms -2 ? 

(a) 240 N (b) 490 N 

(c) 720 N (d) none of these 

37. In Q.34, what is the reading of the machine if the lift 
is moving upwards with a uniform acceleration of 5 

ms 2 ? 

(a) 240 N (b) 490 N 

(c) 740 N (d) none of these 

38. In Q.34, what would be the reading of the machine 
if the connecting rope of the lift suddenly breaks and 
the lift begins to fall freely under gravity? 

(a) zero (b) 240 N 

(c) 490 N (d) 720 N 

39. A rope which can withstand a maximum tension of 
400 N is hanging from a tree. If a monkey of mass 
30 kg climbs on the rope, in which of the following 
cases will the rope break? Take g = 10 ms -2 and 
neglect the mass of the rope. 

(a) The monkey climbs up with a uniform speed of 
5 ms -1 . 

(b) The monkey climbs up with a uniform 

acceleration of 2 ms . 

(c) The monkey climbs up with a uniform 

acceleration of 5 ms -2 . 

(d) The monkey climbs down with a uniform 
acceleration of 5 ms -2 . 


40. A stream of a liquid of density p Mowing horizontally 
with a speed v gushes out of a tube of radius r and 
hits at a vertically wall nearly normally. Assuming 
that the liquid does not rebound from the wall, the 
force exerted on the wall by the impact of liquid is 
given by 
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(a) nrpv (b) nrpv 2 

(c) nr 2 pv (d) nr 2 pv 2 

41. A shell explodes into three fragments of equal 
masses. Two fragments fly off at right angles to each 
other with speeds of 9 ms 1 and 12 ms" 1 . What is the 
speed of the third fragment? 

(a) 9 ms 1 (b) 12 ms 1 

(c) 15 ms" 1 (d) 18 ms" 1 

42. A cricket ball of mass 150 g is moving with a velocity 
of 12 ms" 1 and is hit by a bat so that the ball is turned 
back with a velocity of 20 ms l . The force of the 
blow acts for 0.1 s. What is the average force exerted 
on the ball by the bat? 

(a) 18 N (b) 30 N 

(c) 48 N (d) 60 N 

43. Two billiard balls each of mass 50 g, moving in 
opposite directions each with a speed 6 ms" 1 , collide 
and rebound with the same speed. The impulse 
imparted to each ball due to the other is 

(a) 0.3 Ns (b) 0.6 Ns 

(c) 0.9 Ns (d) 1.2 Ns 

44. A ball of mass m is moving towards a batsman at a 
speed v. The batsman strikes the ball and deflects 
it by an angle 9 without changing its speed. The 
impulse imparted to the ball is given by 


(a) mv cos (0) 


(b) mv sin (6) 


(c) 2 mv cos 


f-' 

,2 


(d) 2 mv sin 


-) 


45. Figure 3.62 shows the position-time (x-t) graph 
of one-dimensional motion of a body of mass 
0.4 kg. What is the time interval between consecutive 
impulses received by the body? 

(a) 2 s (b) 4 s 

(c) 8 s (d) 16 s 



Fig. 3.62 


46. In Q.45, what is the magnitude of each impulse? 
(a) 0.2 Ns (b) 0.4 Ns 

(c) 0.8 Ns (d) 1.6 Ns 


47. An aeroplane of mass M requires a speed v for take¬ 
off. The length of the runway is s and the coefficient 
of friction between the tyres and the ground is p. 
Assuming that the plane accelerates uniformly 
during the take-off, the minimum force required by 
the engine of the plane for take-off is given by 


( -.2 


(a) M 


( -.2 


(c) M 




(b) M 

— 

2s J 



I 2 * 

2v 2 

> 


( 2v 

- + 2ug 

(d) M 



s 


) 


s 


-lug 


48. A block of mass m is projected up an inclined plane 
of inclination 9 with an initial velocity u. If the 
coefficient of kinetic friction between the block and 
the plane is p, the distance up to which the block will 
rise up the plane, before coming to rest, is given by 


(a) 

U n 

(b) 

u n 

2gsin 9 

2 geos 9 

(c) 

u 2 

(d) 

u 2 

4gsin 9 

4 g cos 9 


49. A block of mass 5 kg is resting on an inclined 
plane. The inclination of the plane to the horizontal 
direction is gradually increased. It is found that, 
when the angle of inclination is 30°, the block just 
begins to slide down the plane. The coefficient of 
sliding friction p s between the block and the plane is 

(a) p s = sin 30° (b) p s = cos 30° 

(c) t u s = tan 30° (d) p s = cot 30° 

50. In Q.49, what minimum force must be applied 
parallel to the plane that would just make the block 
move up the plane? Take g = 10 ms 2 . 

(a) 25 N (b) 50 N 

(c) 25 y/S N (d) 50 V3 N 

51. A block of mass 10 kg is placed at a distance of 
5 m from the rear end of a long trolley as shown in 
Fig. 3.63. The coefficient of friction between the 
block and the surface below is 0.2. Starting from 
rest, the trolley is given a uniform acceleration of 3 
ms" 2 . At what distance from the starting point will 
the block fall off the trolley? Take g = 10 ms 2 . 

(a) 15 m (b) 20 m 

(c) 25 m (d) 30 m 
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(a) 0.3 N downwards (b) 0.3 N upwards 

(c) 0.7 N downwards (d) 0.7 N upwards 

64. In Q.63, what is the magnitude and direction of the 
force on the 7 th coin by the 8 th coin (both counted 
from the bottom)? 

(a) 0.1 N downwards (b) 0.1 N upwards 

(c) 0.3 N downwards (d) 0.3 N upwards 

65. In Q.63, what is the reaction of the 6 th coin from the 
bottom on the 7 th coin from the bottom? 

(a) 0.6 N downwards (b) 0.6 N upwards 

(c) 0.4 N downwards (d) 0.4 N upwards 

66. A body slides down an inclined plane of inclination 
9. The coefficient of friction down the plane varies 
in direct proportion to the distance moved down the 
plane (jj = k x). The body will move down the plane 
with a 

(a) constant acceleration = g sin 9 

(b) constant acceleration = (g sin 9- p g cos 9) 

(c) constant retardation = (p g cos 9- g sin 0) 

(d) variable acceleration that first decreases from 
g sin 6 to zero and then becomes negative. 

67. A jet of water with a cross-sectional area a is 
striking against a wall at an angle 6 to the normal 
and rebounds elastically. If the velocity of water in 
the jet is v, the normal force acting on the wall is, 

(a) 2 a v 2 p cos 6 (b) a v 2 p cos 6 

(c) 2 av p cos 9 (d) a v p cos 9 

68. A given object takes n times as much time to slide 
down a 45° rough incline as it takes to slide down 
a perfectly smooth 45° incline. The coefficient of 
kinetic friction between the object and the incline is 
given by 

(a) p k = 1/(1 — /7~) (b) p k = \ - \/n 2 

(c) n k = ^l/(l-» 2 ) (d) 

69. A body is sliding down a rough inclined plane of 
angle of inclination 9 for which the coefficient of 
friction varies with distance x as p(x) = kx y where 
k is a constant. Here x is the distance moved by the 
body down the plane. The net force on the body will 
be zero at a distance * 0 given by 

(a) tan ^ (b) k tan 9 

k 

(c) COt ^ (d) k cot 9 

k 

70. A body is moving down a long inclined plane of 
angle of inclination 9. The coefficient of friction 
between the body and the plane varies as p = 0.5 x , 
where x is the distance moved down the plane. The 


body will have the maximum velocity when it has 
travelled a distance* given by 

2 

(a) * = 2 tan 9 (b) * = - 

tan 9 


(c) * = V2 cot 9 


(d)* = 


V2 

cot 9 


71. An object is kept on a smooth inclined plane of 1 in 
/. The horizontal acceleration to be imparted to the 
inclined plane so that the object is stationary relative 
to the incline is given by 

(a) g#^7 (b)g(/ 2 -l) 





72. 


An insect is crawling up a hemispherical bowl of 
radius R. If the coefficient of friction is 1/3, the insect 


will be able to go up to height h equal to (take 3/ 


= 0.95) 

R 

(b) 

R 

(a) - 

5 


10 

R 

(d) 

R 

c) ™ 


20 

30 



73. Two blocks of masses 5 kg and 3 kg are placed in 
contact on a horizontal frictionless surface as shown 
in Fig. 3.68. A force of 4 N is applied mass 5 kg as 
shown. The acceleration of the mass 3 kg will be 





(c) 2 ms 2 


(d) 0.5 ms 2 


5 kg 



'//fz 

3 kg 

4 N 


—>- 

yfy/ 

n 

////////, 

'///// 



Fig 

. 3.68 


74. In Q.73, what force is exerted on mass 3 kg? 

(a) 0.5 N (b) 1.0 N 

(c) 1.5 N (d) 4 N 

75. In Q.73, if a force of 4 N is applied on mass 3 kg, the 
acceleration of mass 5 kg will be 




(c) 2 ms 2 (d) 0.5 ms 2 

76. In Q.75, what force is exerted on mass 5 kg? 
(a) 2.5 N (b) 3 N 

(c) 3.5 N (d) 4 N 
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77. Three blocks of masses m x = 1 kg, m 2 = 2 kg and //7 3 = 
3 kg are placed in contact on a horizontal frictionless 
surface as shown in Fig. 3.69. A force F = 12 N is 
applied to mass m | as shown. The acceleration of the 
system is 



Fig. 3.69 

(a) 12 ms” 2 (b) 6 ms" 2 

(c) 4 ms 2 (d) 2 ms 2 

78. In Q. 77, the contact force acting on mass m 2 is 

(a) 12 N (b) ION 

(c) 8 N (d) 6 N 

79. In Q.77, the contact force acting on mass tn 3 is 

(a) 12 N (b) ION 

(c) 8 N (d) 6 N 

80. Three blocks of masses m x = 1 kg, m 2 = 2 kg and 
m 3 = 3 kg are connected by massless strings and 
placed on a horizontal frictionless surface as shown 
in Fig. 3.70. A force F = 12 N is applied to mass m x 
as shown. The acceleration of the system is 


(a) 12 ms 
(c) 4 ms 2 


(b) 6 ms 
(d) 2 ms 



Fig. 3.70 

81. In Q-&0, what is tension T 2 between masses m x and 
m 2 l 

(a) 12 N (b) 10N 

(c) 8 N (d) 6 N 

82. In Q.81, what is tension T 3 between masses m 2 and 

(a) 12 N (b) 10N 

(c) 8 N (d) 6 N 

83. A ball of mass m is connected to a ball of mass M by 
means of a massless spring. The balls are pressed so 
that the spring is compressed. When released, ball of 
mass m moves with acceleration a. The magnitude 
the acceleration of mass Mwill be 


(M + m) 


(M + /??) 


Ma 


84. A boy, while catching a ball, experiences an impulse 
of 6 Ns. If the mass of the ball is 200 g, what was the 
speed of the ball before it was caught? 

(a) 10 ms -1 (b) 20 ms -1 

(c) 30 ms -1 (d) 40 ms -1 

85. A car moving at a speed v is stopped by a retarding 
force F in a distance s. If the speed of the car were 
2>v , the force needed to stop it within the same 
distance s will be 

(a) 3 F (b) 6 F 

(c) 9 F (d) 12 F 

86. A car moving at a speed v is stopped by a retarding 
force F in a distance s. If the retarding force were 3 F, 
the car will be stopped in a distance 

(a) \ (b) - 

3 o 


87. Two blocks of masses m and M arc placed on a 
horizontal frictionless table connected by a spring 
as shown in Fig. 3.71. Mass M is pulled to the right 
with a force F. I f the acceleration of mass m is a , the 
acceleration of mass M will be 


(F - nut) 


(F + ma) 


(c) — 
M 


(«D ™ 
M 



Fig. 3.71 

88. A boy wants to climb down a rope. The rope can 
withstand a maximum tension equal to two-thirds 
the weight of the boy. Ifg is the acceleration due to 
gravity, the minimum acceleration with which the 
boy should climb down the rope should be 


< a >? 


< b >T 


(c) g (d) zero 

89. A mass m is suspended from a rigid support P by 
means of a massless string as shown in Fig. 3.72. 
A horizontal force F is applied at point O of the 
string. The system is in equilibrium when the string 
makes an angle 0 with the vertical. Then the relation 
between the tension T, force F and angle 6 is 
(a) F= T sin 6 (b) F= T cos 0 


(c) F = 


sin# 


(d) F = 


cos 6 
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P 



90. In Q. 89, what is the relation between the weight W 
— mg, T and 9 ? 

(a) W = T sin 9 (b) W = T cos 9 

T . T 


(c) W = 


sin0 


(d) IV = 


eos 9 


91. In Q. 89, the relation between T, W and F is 

•2 


(a) T 2 = WF 
F 2 

(c) r= — 

w 


(b) T = 


W_ 

F 


(d) T 2 =W 2 + F 2 


92. In Q. 89, the relation between F, W and 9 is 

(a) F= W tan 9 (b) F= W cot 9 

(c) F = W sin 9 (d) F= W cos 9 

93. Two masses w, = 6 kg and m 2 = 4 kg arc connected 
by means of a string which passes over a friction less 
pulley as shown in Fig. 3.73. When the masses are 
released, what is the acceleration of the masses? 


Take g= 10 ms 


-2 



Support 


(a) 2 ms 
(c) 8 ms 


-2 


-2 


-2 


(b) 4 ms 
(d) 10 ms 


-2 


94. In Q.93, what is the tension in the string? 

(a) 40 N (b) 48 N 

(c) 56 N (d) 60 N 

95. The support of the pulley in Q. 93 is attached to the 
ceiling of a lift. What will be the tension in the string 
if the lift starts ascending with a constant acceleration 
a- 5 ms’ 2 ? 

(a) 24 N (b) 48 N 

(c) 60 N (d) 72 N 

96. In 0- 95, what will be the tension in the string if the 
lift starts descending with a constant acceleration of 
a = 5 ms’ 2 ? 

(a) 24 N (b) 48 N 

(c) 60 N (d) 72 N 

97. The support of the pulley in Q. 93 is attached to 
the ceiling of a compartment of a train. What will 
be the tension in the string if the train moves in the 
horizontal direction with a constant acceleration of 

5 ms -2 ? 

(a) 24 N (b) 48 N 

(c) 60 N (d) 72 N 

98. A block, released from rest from the top of a smooth 
inclined plane of angle of inclination 0,, reaches the 
bottom in time The same block, released from 
rest from the top of another smooth inclined plane of 
angle of inclination 9 2 , reaches the bottom in time t 2 . 
If the two inclined planes have the same height, the 
relation between t ] and t 2 is 


(a) 

(c) 


t 2 _( sin0, ' 
t\ {smd 2y 

t 2 _ sin 0, 

/, sin 9 2 


1/2 


(b) 

(d) 


'2 _ 


l \ 

t 


sin 2 9 ] 
sin' 0. 


^ =1 


99. A thick uniform rope of mass 6 kg and length 3 m is 
hanging vertically from a rigid support. The tension 
in the rope at a point 1 m from the support will be 
(Take g = 10 ms -2 ) 

(a) 20 N (b) 30 N 

(c) 40 N (d) 60 N 

100. A block released from rest from the top of a smooth 
inclined plane of inclination 45° takes t seconds to 
reach the bottom. The same block released from 
rest from top of a rough inclined plane of the same 
inclination of 45° takes 2 1 seconds to reach the 
bottom. The coefficient of friction is 

(a) Vo^5 (b) >/0.75 

(c) 0.5 (d) 0.75 
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101. A block, released from rest from the top of a smooth 
inclined plane of inclination 0, has a speed v when it 
reaches the bottom. The same block, released from the 
top of a rough inclined plane of the same inclination 
0, has a speed v/n on reaching the bottom, where n 
is a number greater than unity. The coefficient of 
friction is given by 


(a) n = 





tan 0 


(b) fi = 

(c) n = 

(d) ji = 


( 

1 

V 

( 

1 

V 

( 

1 

V 


n 1 J 


n 2 J 


n 1 ; 


cot 0 

1/2 

tan 0 

1/2 

cot 0 


102. Two blocks of masses M = 5 kg and m = 3 kg are 
placed on a horizontal surface as shown in Fig. 3.74. 
The coefficient of friction between the blocks is 0.5 
and that between the block M and the horizontal 
surface is 0.7. What is the maximum horizontal force 
F that can be applied to block M so that the two 
blocks move without slipping? Takeg = 10 ms - '. 


m 




\\w 

\\VVN 

v\\\N 



M 


F 

w 

-7 ' 7“7 — 7 — 7 — "7 — 7 m "7~ 7 


**- "7“ T"' 7 9 T ? r ? ? 7 


yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy 


Fig. 3.74 


(a) 4 N (b) 16 N 

(c) 24 N (d) 96 N 

103. A box is gently placed on a horizontal conveyer belt 
moving with a speed of 4 ms '. If the coefficient of 
friction between the box and the belt is 0.8, through 
what distance will the block slide without slipping? 
Take g= 10 ms -2 

(a) 0.6 m (b) 0.8 m 

(c) 1.0 m (d) 1.2 m 

104. Two blocks of masses m x = 4 kg and m 2 = 6 kg arc 
connected by a string of negligible mass passing 
over a frictionless pulley as shown in Fig. 3.75. 
The coefficient of friction between block ra, and the 
horizontal surface is 0.4. When the system is released, 
the masses m x and m 2 start accelerating. What 
additional mass m should be placed over mass m x so 
that the masses (m x + /;/) slide with a uniform speed? 


m 



(a) 9 kg (b) 10 kg 

(c) 11 kg (d) 12 kg 

105. Tw'o blocks of masses m x = m 2 = w, are connected 
by a string of negligible mass which passes over a 
frictionlcss pulley fixed on the top of an inclined 
plane as shown in Fig. 3.76. When the angle of 
inclination 0= 30°, the mass m x just begins to move 
up the inclined plane. What is the coefficient of 
friction between block m x and the inclined plane? 



m 2 


<a) ^ 

(c »^ 



106. In Q. 105 above, if p = l/2>/3 and 0 = 30°, what 
should be the ratio m x /m 2 of the masses so that mass 
m x just begins to slide down the plane? 

(a) 4 (b) 3 

(c) 2 (d) 1 


107. A block is resting on an inclined plane. The angle 
of inclination is gradually increased. The block just 
begins to slide down the plane when the angle of 
inclination is 30°. What is the coefficient of friction 
between the inclined surface and the block? 


(a) 

1 

3 

(b) 

(c) 

1 

2%/3 

(d) 
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108. In Q. 107, if 6 — 30° and fJ. = 1/V3 , the downward 
acceleration of the block will be 


(a) zero (b) 1/V3 ms 2 

(c) l/2>/3 ms -2 (d) l/3\/3 ms -2 

109. A boy of mass m is sliding down a vertical pole 
by pressing it with a horizontal force/ If t u is the 
coefficient of friction between his palms and the 
pole, the acceleration with which he slides down will 
be 

(a) g (b) — 

m 


(c) g + 


Vf_ 

m 


(d) 


V£ 

m 


110. A boy of mass 40 kg is climbing a vertical pole at a 
constant speed. If the coefficient of friction between his 
palms and the pole is 0.8 and g = 10 ms 2 , the force 
that he is applying on the pole is 

(a) 300 N (b) 400 N 

(c) 500 N (d) 600 N 

111. A block of mass m is lying on a another block of mass 
M , lying on a horizontal frictionless surface as shown 
in Fig. 3.77. If the coefficient static friction between 
the two blocks is JJ S , the minimum horizontal force 
F that must be applied to block of mass m so that it 
moves over block of mass M is 

(a) zero (b) mg 

(c) mg!jX s (d) n s mg 


m 



Fig 3.77 


the block is applied to it. If the force continues to 
act even after the block has started moving, the 
acceleration of block will be (take g = 10 ms 2 ) 

(a) 1 ms -2 (b) 2 ms -2 

(c) 3 ms -2 (d) 4 ms -2 

114. A body projected along an inclined plane of angle of 
inclination 30° stops after covering a distance x,. The 
same body projected with the same speed stops after 
covering a distance x 2 , if the angle of inclination of 
the inclined plane is increased to 60°. The ratio xfx 2 
is 

(a) 1 (b) 72 

(c) 73 (d) 2 

115. A spring is compressed between two blocks of 
masses m ] and m 2 placed on a horizontal frictionless 
surface as shown in Fig. 3.78. When the blocks are 
released, they have initial velocity of i>, and v 2 as 
shown. The blocks travel distances x, andx 2 respec¬ 
tively before coming to rest. The ratio x,/x 2 is 



Fig. 3.78 


(a) El 

(b) 

m 2 


(C) El 

(d) 

\m 2 



m 2 


m 


1 



116. A smooth inclined plane of angle of inclination 30° 
is placed on the floor of a compartment of a train 
moving with a constant acceleration a. When a block 
is placed on the inclined plane, it does not slide down 
or up the plane. The acceleration a must be 


112. In Q. 111, if a force F (> jl s mg) is applied to block 
/;?, the acceleration with which block M will move 
on the horizontal surface is given by (here ,u k is the 
coefficient of kinetic friction between block M and 
the horizontal surface). 


(a) 


V k m S 

(b) 

V s M g 

M 

m 

Vs m S 

(d) 

Vs Mg 

V k M 

Vk m 


113. A block of mass 5 kg is lying on a rough horizontal 
surface. The coefficients of static and kinetic friction 
between the block and the surface respectively are 
0.7 and 0.5. A horizontal force just sufficient to move 


(a) g (b) y 

(C) ^2 (d) 

117. A block released on a rough inclined plane of 
inclination 6 = 30° slides down the plane with an 
acceleration g/4, where g is the acceleration due to 
gravity. What is the coefficient of friction between 
the block and the inclined plane? 

(a) T3 (b) 73 

(c) -4= (d) — 

273 2 
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118. A block of mass m placed on a rough inclined plane 
of inclination 6 = 30° can be just prevented from 
sliding down by applying a force F ] up the plane and 
it can be made to just slide up the plane by applying 
a force F 2 up the plane. If the coefficient of friction 
between the block and the inclined plane is l/2>/3 , 
the relation between F x and F 2 is 

(a) F 2 = F x (b) F 2 = 2F X 

(c) F 2 = 3 F x (d) F 2 = 4 F x 

119. A person standing in a stationary lift drops a coin 
from a certain height h. It takes time t to reach the 
floor of the lift. If the lift is rising up with a uniform 
acceleration a , the time taken by the coin, dropped 
from the same height /?, to reach the floor will be 


(a) / 



(c) t 


( \ 1/2 

i + " 

V g) 


(d) i 



120. In Q. 119, if the lift is descending with an acceleration 
a> the time taken by the coin to reach the floor will be 

(a) t (b) t - 

\g 


f a ^ 

1/2 

< t <0 

1 + - 

(d) t 

1-- 

V g) 


k g) 


121. A block is lying on a horizontal frictionless surface. 
One end of a uniform rope is fixed to the block which 
is pulled in the horizontal direction by applying a 
force F at the other end. If the mass of the rope is 
half the mass of the block, the tension in the middle 
of the rope will be 


(a) F 



(b) 

(d) 


2 F 

T" 

5 F 
6 


122. When a force F acts on a body of mass m, the 
acceleration produced in the body is a. If three equal 
forces F x = F 2 = F 3 = F act on the same body as 
shown in Fig. 3.79 the acceleration produced is 



(a) (V 2-1 ) a 
(c) V2 a 


(b) (V2 + l) a 

(d) a 


123. A shell of mass m is at rest initially. It explodes into 
three fragments having masses in the ratio 2:2:1. 
I he fragments having equal masses fly off along 
mutually perpendicular directions with speed v. What 
will be the speed of the third (lighter) fragment? 

(b) V2 v 


(a) v 

(c) 2V2 v 


(d) 3\/2 v 


124. The linear momentum p of a body of mass 2 kg varies 
with time t as 

p = 3t 2 + 4 

where p and t arc in SI units. It follows that the body 
is moving with a 

(a) constant speed 

(b) constant acceleration 

(c) variable acceleration 

(d) variable retardation. 

125. In Q. 124, what is the acceleration of the body at 
/ = 2s? 

(a) 3 ms" 2 (b) 6 ms 2 

(c) 9 ms" 2 (d) 12 ms" 2 

126. In Q. 124, the force acting on the body varies with 
time t as 

(a) t m (b) t 

(c) t m (d) t 2 

127. An elastic spring has a length /, when it is stretched 

with a force of 2 N and a length l 2 when it is stretched 
with a force of 3 N. What will be the length of the 
spring if it is stretched with force of 5N? 


(a) /] + /2 


(b) \ (/, + 4) 


(c) 3/ 2 - 2/, (d) 3/, - 2/ 2 

128. A shell is fired from a cannon with a speed of 
100 ms 1 at an angle 30° with the vertical (^-direction). 
At the highest point of its trajectory, the shell 
explodes into two fragments of masses in the ratio 
1 : 2. The lighter fragment moves vertically upwards 
with an initial speed of 200 ms" 1 . What is the speed 
of the heavier fragment at the time of explosion? 

(a) 125 ms 1 (b) 150 ms 1 

(c) 175 ms 1 (d) 200 ms 1 

129. A balloon of mass A/is rising up with an acceleration 
a. If a mass m is removed from the balloon, its 
acceleration becomes 


(a) 


Ma + mg 
M - m 


(b) 


Ma + mg 
M + m 
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met 4- Mg 
M — m 



ma 4- Mg 
M 4- m 


130. A unform rope is hanging vertically from the ceiling 
such that its free end just touches the horizontal floor 
of a room. The upper end of the rope is then released. 
At any instant during the fall of the rope, the total 
force exerted by it on the floor is n times the weight 
of that part of the rope which is on the floor at that 
time. What is the value of //? 


(a) 1 (b) 2 

(c) 3 (d) 4 

131. The distance x (in metre) travelled by a body in time 
t (in second) is given by 


d 2 x 


= 2t-r 


How much distance docs the body travel before 
reversing its direction of motion? 


(a) - m 
4 


(c) 


( 3 ) : 


m 


(b) 


(d) 


( 3 )‘ 


( 3 )‘ 


m 


m 


135. In Q. 134 above, if /.i = 0.25, what is the maximum 
percentage of the length of the chain that can hang 
over the edge of the table without disturbing the rest 
of the chain on the table? 

40 

(a) 8% (b) — % 

(c) 20% (d) 25% 

136. A block of mass m is lying on a horizontal surface of 
coefficient of friction fi. A force F is applied to the 
block at an angle 6 with the horizontal. The block 
will move with a minimum force F if 


(a) t u = tan 0 (b) /A = cot 0 

(c) n = sin 0 (d) /.1 = cos 0 

137. In 0- 136 above, the minimum F is given by 


(a) 


(c) 


B m g 
ju-1 

n 2 >”g 


F- 


(b) 


(d) 


Hmg 




Vi 


+ ,u 


138. The coefficients of static and kinetic friction between 
a body and the surface are 0.75 and 0.5 respectively. 
A force is applied to the body to make it just slide 
with a constant acceleration which is 


132. A long horizontal rod has a bead which can slide 
along its length, and initially placed at a distance L 
from one end A of the rod. The rod is set in angular 
motion about A with constant angular acceleration 
a. If the coefficient of friction between the rod and 
the bead is /A , and gravity is neglected, then the time 
after which the bead starts slipping is 


(a) 

r a 

(b) h 

(c) 

1 

sjna 

(d) infinitesimal 


133. A force vector F = 6i - 8j 4- 10k newton applied to 

a body accelerates it by 1 ms . What is the mass of 
the body? 

(a) 10\/2 kg (b) 2VlO kg 

(c) 10 kg (d) 20 kg 

134. A uniform chain of length L is lying on the horizontal 
surface of a table. If the coefficient of friction 
between the chain and the table top is /A, what is the 
maximum length of the chain that can hang over the 
edge of the table without disturbing the rest of the 
chain on the table? 


(a) A— 

l+/i 

(b) 

liL 
\ + n 

(c) r~ 

\-n 

(d) 

liL 

l-ju 


(a) 

g 

(b) f 

4 

2 

(c) 

3g 

4 

(d )g 


139. Two blocks A and B are connected to each other by 
a string and a spring of force constant k, as shown in 
Fig. 3.80. The string passes over a friction less pulley 
as shown. The block B slides over the horizontal top 
surface of a stationary block C and the block A slides 
along the vertical side of C both with the same uniform 
speed. The coefficient of friction between the surfaces 
of the blocks B and C is f. 1 . If the mass of block A is m , 
what is the mass of block /?? 


(a) 

m 

r— 



F 


(c) 

F m 

(d) /.i m 
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140. In Q. 139 above, the energy stored in the spring is 



m~g 2 

2k 


(b) 


m 2 g 2 


(c) ( d ) l i,m g k 

141. A trolley of mass M is attached to a block of mass 
m by a string passing over a frictionless pulley as 
shown in Fig. 3.81. If the coefficient of friction 
between the trolley and the surface below is p, what 
is the acceleration of the trolley and the block system, 
when they are released? 



(d) down the incline while ascending as well as 
descending 

145. What is the maximum value of the force F such that 
the block shown in Fig. 3.82 does not move? The 
coefficient of friction between the block and the 
horizontal surface is 0.5. (Take g = 10 ms 2 ) 



Fig. 3.82 


(a) 20 N (b)10N 

(c) 12 N (d) 15 N 

146. An insect crawls up a hemispherical surface very 
slowly (see Fig. 3.83). The coefficient of friction 
between the insect and the surface is 1/3. If the line 
joining the center of the hemispherical surface to 
the insect makes an angle a with the vertical, the 
maximum possible value of a is given by 



f m — M > 
v m 4- M j 



r pm- 
v m + M j 


(b) 

M 



( m - p M ^ 
v m + M ) 


O 



142. In Q. 141 above, the tension T in the string is 



mMg (1 + p) 
m + M 


mMg (1-/Q 
M - m 


(c ) nmg (d) (m+/iM)g 

143. A block is placed on an inclined plane. The angle 
of inclination (G) of the plane is such that the block 
slides down the plane at a constant speed. The 
coefficient of kinetic friction between the block and 
the inclined plane is equal to 

(a) sin G (b) cos G 

(c) tan 6 (d) cot 9 

144. A cylinder rolls up an inclined plane, reaches 
some height, and then rolls down (without slipping 
throughout these motions). The directions of the 
frictional force acting on the cylinder are: 

(a) up the incline while ascending and down the 
incline while descending 

(b) up the incline while ascending as well as 
descending 

(c) down the incline while ascending and up the 
incline while descending 


Fig. 3.83 


(a) cot a = 3 (b) tan a = 3 

(c) sec a - 3 (d) cosec a = 3 

147. The pulleys and strings shown in Fig. 3.84 are smooth 
and of negligible mass. For the system to remain in 
equilibrium, the angle G should be 



Fig. 3.84 


(a) 0° (b) 30° 

(c) 45° (d) 60° 

148. A string of negligible mass going over a clamped 
pulley of mass m supports a block of mass M as 
shown in Fig. 3.85. The force on the pulley by the 
clamp is given by 
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(a) 4l Mg (b) sfl mg 

(c) 7 (M + m) 2 + nr g (d) y] (M + m) 2 + M~ g 



149. A block of weight 200 N is pulled along a rough 
horizontal surface at a constant speed by a force of 
100 N acting at an angle of 30° above the horizontal. 
The coefficient of friction between the block and the 
surface is 

(a) 0.43 (b) 0.58 

(c) 0.75 (d) 0.85 

150. Bullets of mass 0.03 kg each hit a plate at the rate 
of 200 bullets per second with a velocity of 50 ms 1 
and reflect back with a velocity of 30 ms '. The 
average force (in newton) acting on the plate is 

(a) 120 (b) 180 

(c) 300 (d) 480 

151. A body of mass Mkg is on the top point of a smooth 
hemisphere of radius 5 m. It is released to slide 
down the surface of the hemisphere. It leaves the 
surface when its velocity is 5 m/s. At this instant the 
angle made by the radius vector of the body with the 
vertical is: (Acceleration due to gravity = 10 ms ) 

(a) 30° (b) 45° 

(c) 60° (d) 90° 

152. A stationary body of mass 3 kg explodes into three 

equal pieces. Two of the pieces fly off at right angles 

/\ 

to each other, one with a velocity 2i m/s and the 

A 

other with a velocity 3 j m/s. If the explosion takes 
place in 10 5 sec, the average force acting on the 
third piece in newton is: 

(a) (2i + 3j) x 10' 5 (b) -(2i + 3j) x 10 5 

(c) (3j-2i) x 10 5 (d) (2i-3j) x 1(T 5 

153. A string can withstand a tension of 25 N. What is the 
greatest speed at which a body of mass 1 kg can be 
whirled in a horizontal circle using a 1 m length of a 
string? 


(a) 2.5 ms 1 (b) 5.0 ms 1 

(c) 7.5 ms” 1 (d) 10 ms" 1 

154. A body of mass 0.5 kg is whirled in a vertical circle 
at an angular frequency of 10 rad s ’. If the radius 
of the circle is 0.5 m, what is the tension in the 
string when the body is at the top of the circle? Take 
g= 10 ms" 2 . 

(a) 10N (b) 20 N 

(c) 30 N (d) 40 N 

155. In Q. 154, what will be the tension in the string when 
the body is at the bottom of the circle? 

(a) 10N (b) 20 N 

(c) 30 N (d) 40 N 

156. A cyclist is moving with a speed of 6 ms -1 . As he 
approaches a circular turn on the road of radius 
120 m, he applies brakes and reduces his speed at a 

—7 

constant rate of 0.4 ms . The magnitude of the net 
acceleration of the cyclist on the circular turn is 
(a) 0.5 ms -2 (b) 1.0 ms -2 

(c) 2.0 ms 2 (d) 4.0 ms 2 

157. A simple pendulum of bob mass m swings with 
an angular amplitude of 40°. When its angular 
displacement is 20°, the tension in the string is 

(a) mg cos 20° 

(b) mg sin 20° 

(c) greater than mg cos 20° 

(d) greater than mg sin 20° 

158. A car moves at a speed of 36 km h 1 on a level road. 
The coefficient of friction between the tyres and 
the road is 0.8. The car negotiates a curve of radius 
R. If g = 10 ms , the car will skid (or slip) while 
negotiating the curve if value o f R is 

(a) 10 m (b) 13 m 

(c) 14 m (d) 16 m 

159. A train has to negotiate a curve of radius 200 m. 
By how much should the outer rails be raised with 
respect to the inner rails for a speed of 36 km h _1 . 
The distance between the rails is 1.5 m. Take 
g = 10 ms” 2 . 

(a) 7.5 cm (b) 10 cm 

(c) 12.5 cm (d) 15 cm 

160. A train rounds an unbanked circular bend of radius 
50 m at a speed of 54 km h \ If g = 10 ms 2 , the 
angle of banking required to prevent wearing out 
of rails is given by 

(a) 0=tan 1 (0.15) (b) 0=tan 1 (0.25) 

(c) 0 = tan" 1 (0.35) (d) 0= tan' 1 (0.45) 

161. One end of a string of length R is tied to a stone 
of mass m and the other end to a small pivot on a 
frictionlcss vertical board. The stone is whirled in 


Copyrighted material 




3.38 Complete Physics—JEE Main 


a vertical circle with the pivot as the centre. The 
minimum speed the stone must have, when it is at 
the topmost point on the circle, so that the string docs 
not slack is given by 

(a) yfgR (b) yjmgR 

(c) (d) V2 mgR 

162. In Q. 161, the minimum speed the stone must have, 
when it is at the lowermost point on the circle, so that 
the stone can complete the circle is given by 

(a) s]4gR (b) yj4mgR 


(c) yfs^R 


<5 mgR 


163. The pilot of an aircraft, who is not tied to his seat, can 
loop a vertical circle in air without falling out at the 
top of the loop. What is the minimum speed required 
so that he can successfully negotiate a loop or radius 
4 km? Take g = 10 ms" 2 . 

(a) 100 ms -1 (b) 200 ms -1 

(c) 300 ms -1 (d) 400 ms -1 

164. A disc of radius r = 20 cm is rotating about its axis 
with an angular speed of 20 rad s 1 . It is gently placed 
on a horizontal surface which is perfectly frictionless 
(Fig. 3.86). What is the linear speed of points on the 
disc? 

(a) 1 ms -1 (b) 2 ms" 1 

(c) 3 ms 1 (d) 4 ms 1 



Fig. 3.86 

165. In Q.164, the linear speed of point B on the disc will 
be 

(a) 1 ms 1 (b) 2 ms 1 

(c) 3 ms" 1 (d) 4 ms" 1 

166. In Q. 164, what is the linear speed of point C on the 
disc? 

(a) 1 ms" 1 (b) 2 ms" 1 

(c) 3 ms 1 (d) 4 ms 1 

167. The combined mass of a rider and a motorcycle is 200 
kg. What is the necessary frictional force if the rider 
is to negotiate a curve of 80 m radius at a speed of 72 
km h" 1 ? Take g = 10 ms" 2 . 


(a) 500 N (b) 750 N 

(c) 1000 N (d) 1250 N 

168. In Q. 167, the angle at which rider must lean to avoid 
falling is given by 

(a) 9 = tan" 1 (0.2) (b) 9 = tan" 1 (0.3) 

(c) 0=tan 1 (0.4) (d) 0=tan 1 (0.5) 

169. A car, moving at a speed of 54 km h" 1 , is to go round 
a curved road of radius 30 m. If the curved road is 
not banked, what must be the coefficient of friction 
between the tyres and the road for the car to negotiate 

—7 

the curve? Take g = 10 ms . 

(a) zero (b) 0.25 

(c) 0.50 (d) 0.75 

170. A string of length L = 1 m is fixed at one end and 
carries a mass of 100 g at the other end. The string 

makes V5 In revolutions per second about a vertical 
axis passing through its second end. What is the 
angle of inclination of the string with the vertical? 
Take g= 10 ms 2 . 

(a) 30° (b) 45° 

(c) 60° (d) 75° 

171. In Q. 170, the tension in the string is 

(a) 2 N (b) 3 N 

(c) 4 N (d) 5 N 

172. In Q.170, what is the linear speed of the mass? 

(a) VlO ms" 1 (b) Vk5 ms" 1 

(c) 2^5 ms" 1 (d) 5 ms" 1 

173. A simple pendulum of length r = 1 m and bob mass 

100 g is swinging with an angular amplitude of 60°. 
What is the tension in the string when the bob passes 
through the equilibrium position? Take g = 10 ms 2 . 
(a) 1 N (b) 2 N 

(c) 3 N (d) 4 N 

174. A spring which obey’s Hooke’s law extends by 
1 cm when a mass is hung on it. It extends by a 
further 3 cm when the attached mass is moved in a 
horizontal circle making 2 revolutions per second. 
What is the length of the unstretched spring? Take 
g = tv ms" 2 . 

(a) 18 cm (b) 19 cm 

(c) 20 cm (d) 21 cm 

175. In Q. 174, the angle of inclination of the spring to the 
vertical is given by 


/ 1 

(a) 9 = cos" 1 — 
14 


(b) 9 = cos 1 T 


(c) 9 = cos — 
2 


(d) 0= cos —j= 
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176. A boy is seated on top of a hemispherical mound of 
ice of radius R. He is given a little push and he starts 
sliding down the ice. If ice is frictionlcss, the boy 
will leave the ice at a point whose height is 

3 R 
(a) — 


, h , 

<b) 75 


(C) 


2 R 


< 


177. A boy whirls a stone in a horizontal circle 2 m above 
the ground by means of a string 1.25 m long. The 
string breaks and the stone flies off horizontally, 
striking the ground 10 m away. What is the magnitude 
of the centripetal acceleration during circular motion? 
Takeg = 10 ms -2 ? 

(a) 100 ms -2 (b) 200 ms -2 

(c) 300 ms -2 (d) 400 ms -2 

178. Refer again to Q. 161. If v B = yj5gr , what will be the 
kinetic energy of the stone when it is at the topmost 
point of the circle? B is the lowermost point of the 
circle. 


(a) ^ mgR 


(c) - mgR 


(b) mgR 


(d) - mgR 


179. In Q. 161, if fl A = yfgR , what will be the kinetic energy 
of the stone when the string becomes horizontal? A is 
the topmost point of the circle. 


(a) mgR 


(c) - mgR 


(b) mgR 


(d) 2 mgR 


180. A body is resting on top of a hemispherical mound of 
ice of radius R. If ice is frictionless, what minimum 
horizontal velocity must be imparted to the body so 
that it leaves the mound without sliding over it? 


(a) 


] gR 


(b) 


1 _ 

(C) V2 ~£r 

(d) 2^R 

l . 

'<y j 

Answers 




181. A car is negotiating a curved road of radius r. If the 

0 " 





coefficient of friction between the tyres and the road 

1. (a) 

2. (a) 

3. (c) 

4. 

(d) 

is p, the car will skid if its speed exceeds 

5. (c) 

6. (a) 

7. (c) 

8. 

(a) 

(a) J/urg 

(b) yjlfirg 

9. (b) 

10. (d) 

11. (c) 

12. 

(d) 

(c) yj3nrg 

(d) 2 yjurg 

13. (d) 

14. (d) 

15. (a) 

16. 

(a) 


182. The over-bridge of a river is in the form of a circular 
arc of radius of curvature 10 m. Ifg = 10 ms 2 , what is 
the highest speed at which a motor cyclist can cross 
the bridge without leaving the ground? 

(a) 10 ms -1 (b) 1()V2 ms -1 

(c) 10\/3 ms -1 (d) 20 ms -1 

183. The over-bridge of a river is in the form of a circular 
arc of radius of curvature R. If m is the combined 
mass of the motorcycle and the rider crossing the 
bridge at a speed v, the thrust on the bridge at the 
highest point will be 

(a) (b) mg 


(c) 


R 


mv‘ 


- mg 


(d) 


mu 


R R 

184. The blocks A and B of masses 
2 m and m are connected as 
shown in Fig. 3.87. The spring 
has negligible mass. The string is 
suddenly cut. The magnitudes of 
accelerations of masses 2 m and 
m at that instant are 

(a) g, g 

(b) g, § 


+ mg 


B 




2 m 





rn 



String 


Fig. 3.87 


(O §,* 

<“> !’! 

185. A particle moves in the a* -y plane under the influence 
of a force such that its linear momentum is 

P (/) = A[ i cos ( kt ) - j sin (kt)] 
where A and k arc constants. The angle between the 
force and momentum is 


(a) 0° 
(c) 45' 


(b) 30 c 
(d) 90' 
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17. (a) 

18. (c) 

19. (c) 

20. (c) 

21. (a) 

22. (d) 

23. (d) 

24. (d) 

25. (a) 

26. (c) 

27. (b) 

28. (d) 

29. (a) 

30. (b) 

31. (c) 

32. (b) 

33. (d) 

34. (c) 

35. (c) 

36. (a) 

37. (c) 

38. (a) 

39. (c) 

40. (d) 

41. (c) 

42. (c) 

43. (b) 

44. (c) 

45. (a) 

46. (c) 

47. (a) 

48. (c) 

49. (c) 

50. (b) 

51. (a) 

52. (d) 

53. (b) 

54. (a) 

55. (b) 

56. (a) 

57. (a) 

58. (b) 

59. (b) 

60. (a) 

61. (a) 

62. (c) 

63. (a) 

64. (c) 

65. (d) 

66. (d) 

67. (a) 

68. (b) 

69. (a) 

70. (a) 

71. (c) 

72. (c) 

73. (d) 

74. (c) 

75. (d) 

76. (a) 

77. (d) 

78. (b) 

79. (d) 

80. (d) 

81. (b) 

82. (d) 

83. (c) 

84. (c) 

85. (c) 

86. (a) 

87. (a) 

88. (a) 

89. (a) 

90. (b) 

91. (d) 

92. (a) 

93. (a) 

94. (b) 

95. (d) 

96. (a) 

97. (b) 

98. (c) 

99. (c) 

100. (d) 

101. (a) 

102. (d) 

103. (c) 

104. (c) 

105. (c) 

106. (a) 

107. (b) 

108. (a) 

109. (d) 

110. (c) 

111. (d) 

112. (a) 

113. (b) 

114. (c) 

115. (b) 

116. (d) 

117. (c) 

118. (c) 

119. (c) 

120. (d) 

121. (d) 

122. (a) 

123. (c) 

124. (c) 

125. (b) 

126. (b) 

127. (c) 

128. (a) 

129. (a) 

130. (c) 

131. (b) 

132. (a) 

133. (a) 

134. (b) 

135. (c) 

136. (a) 

137. (d) 

138. (a) 

139. (b) 

140. (a) 

141. (d) 

142. (a) 

143. (c) 

144. (b) 

145.(b) 

146. (a) 

147. (c) 

148. (d) 

149. (b) 

150. (d) 

151. (c) 

152. (b) 

153.(b) 

154. (b) 

155. (c) 

156. (a) 

157. (c) 

158. (a) 

159. (a) 

160. (d) 

161. (a) 

162. (c) 

163. (b) 

164. (d) 

165. (d) 

166. (b) 

167. (c) 

168. (d) 

169. (d) 

170. (c) 

171. (a) 

172. (b) 

173. (b) 

174. (d) 

175. (a) 

176. (c) 


177. (b) 178. (a) 179. (c) 180. (b) 

181. (a) 182. (a) 183. (d) 184. (c) 

185. (d) 

Solutions 

V 

t »t* , ,, . 2 mg — mg mg 

1. The net force acting on mass m = -= —. 

3 3 

me e 

Therefore, the acceleration of mass m = —— = — . 

3 m 3 

Hence the correct choice is (a). 

2. The total mass of the block-rope system = M + m. 

Therefore, the acceleration of the block-rope system 
F 


M + m 


. Thus, the net force acting on the block = 


acceleration x mass = 
choice is (a). 


FM 
M + m 


. Hence the correct 


3. The tension in the rope depends on the acceleration 
of the block-rope system and the mass of the rope. 
The tension will be the same at all points on the rope 
if either the acceleration of the rope is zero or the 
mass of the rope is negligible compared to the mass 
of the block. Hence the correct choice is (c). 

4. When the lift is descending with a retardation 
(negative acceleration) a, the effective value of g is 
g e ff-g + ci. The component of this acceleration along 
the inclined plane is g eff sin 9 = (g + a) sin 0. Hence 
the correct choice is (d). 

5. The accelerations of the block sliding down a smooth 
and rough 45° inclined planes respectively are 

a x =g sin 45° = 

and a 2 = g (sin 45° - n k cos 45°) = (1 - H k ) 

where u k is the coefficient of kinetic friction. Now, we 
know that the square of the time of slide is inversely 
proportional to the acceleration. Therefore 

,2 


L = ^L= 
\ a 2 


1 


Since t 2 = 2we have 4 = 


1 -Uk 
1 

1-M* 


or p k = 0.75. 


Hence the correct answer is (c). 

6. The acceleration of the block while it is sliding down 
the upper half of the inclined plane is g sin 6. If p is 
the coefficient of kinetic friction between the block 
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and the lower half of the plane, the retardation of 
the block while it is sliding down the lower half 
= - (g sin 6-fig cos 6). For the block to come to rest 
at the bottom of the inclined plane, the acceleration 
in the first half must be equal to the retardation in the 
second half, i.e. 

g sin 6 =- (g sin 6 - jig cos 6) 
or jj cos 6 = 2 sin 6 

fl = 2 tan 6 

Hence the correct choice is (a). 

7. Before the boy starts walking on the plank, both the 
boy and the plank are at rest. Therefore, the total 
momentum of the boy-plank system is zero. If the 
boy walks with a speed v on the plank and as a result 
if the speed of the plank in the opposite direction 
is L, then the total momentum of the system is mv 
(A/ + m)V. From the principle of conservation of 
momentum, we have 

mv - (M + m)V = 0 

V m 

or — = --- 

v (M + m ) 

Since the distance moved is proportional to speed, 
the displacement V of the plank is given by 

V__V_ = m 

L v (M +m) 



(M + m) 


Hence the correct choice is (c). 

8. The law of conservation of momentum gives 

v , 
m x v = m ] — + m 2 v 

where v' is the speed of ball B after collision. Thus 

m, v 


v = 


2m 


Hence the correct choice is (a). 

9. At the highest point of trajectory, the projectile has 
only a horizontal velocity which is u cos 0. After 
explosion, the fragment falling downwards has no 
horizontal velocity. If u is the horizontal velocity 
of the other fragment, the law of conservation of 
momentum gives 

(2m) u cos 6 = m x 0 + mu' 
which gives u = 2 u cos 6 


Now, the time taken to reach the highest point (as 
well as the time taken to fall down from this point) is 

u sin 0 . . .. .. . 

-. Therefore, the horizontal distance travelled 

g 

by the other fragment is 


. u sin 0 _ u sin 6 

u cos 0 x - + 2 u cos 0 x - 

g g 

_ u 2 sin 26 u 2 sin 26 _ 3u 2 sin 26 
2g g 2g 

Hence the correct choice is (b). 

10. The force exerted by the leaking sand on the truck 

= rate of change of momentum 
A mu 
At 

The sand falling vertically downward will exert this 
force on the truck in vertically upward direction. 
This perpendicular force can do no work on the 
truck. Since friction is absent, no force is needed 
to keep the truck moving at a constant speed in the 
horizontal direction. Hence the correct choice is (d). 

11. For masses m x and m 2 , we have 

T = m 2 a 

m \g - T = m , a 

Adding the two equations, we get 

K +'”2) 

Hence, the correct choice is (c). 

m~) /*' 

12. The contact force exerted by A on B isF 2 = - - -, 

which is choice (d). + 

13. Let m A and m B be the masses of skaters A and B and 
a A and a B their respective accelerations, when they 
pull at each other. From Newton’s third law, action 
and reaction forces are equal in magnitude, i.e. 



m A “A 

= ”l B 

a B 


or 

V A 

m A 

= m B 

v B 



t 

t 


or 

m A V A 

= ™b v b 


or 

2 2 
m A v A 

= m 2 B 

v 2 s 

(0 


where v A and v B arc their respective speeds and t 
is the time taken for them to meet. Let s A and s B be 
the distances travelled by them when they meet, we 
have. 
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2“a s a = v A an d 2 a B s B = V B 
Using these equations in Eq. (i), noting that 

s A m B 70 7 

™ A a A = m B <*b> we get - = — = — = Since s A 

s B m A 50 5 

+ s B = 6 m; s A = 3.5 m and s B = 2.5 m. Hence, the 
correct choice is (d). 

14. If a body has a constant velocity, both its speed and 
its direction of motion are constant. Hence, choice 
(a) is incorrect. A body having a constant speed can 
have an acceleration, called centripetal acceleration 
(= v~!R) which is not variable. Hence, choices (b) and 
(c) arc also incorrect. A body having a constant speed 
can have a varying velocity, e.g. a body moving in a 
circle with a constant speed; its direction of motion 
and hence its velocity is continuously changing with 
time. Hence, the only correct choice is (d). 

15. As long as the coin is in the hand of the person, it 
shares the acceleration of the train; it has the inertia 
of motion. When he tosses the coin, it falls behind 
him opposite to the direction of accelerated motion 
but now it no longer shares the acceleration of the 
train. Hence the correct choice is (a). 

16. The reaction force offered by the wall to the bullets = 
the force exerted by bullets on the wall (third law of 
motion) = the rate of change of momentum of bullets 
(second law of motion). Now, total mass of n bullets 
= Nm. Momentum of n bullets = Nnw. If n bullets are 
fired per second, the change of momentum per second 
= nNmv. Hence, the correct choice is (a). 

17. The effective acceleration is g eff = g + a. Therefore, 
the effective weight of the man is 


Mg efr =M(g + a) = Mg 


(, a) 


f a\ 


= w 

1 + - 

V gj 


l g) 


Hence the correct choice is (a). 

18. Since v = yjlgh , the correct choice is (c). 

19. The correct choice is (c). 

20. Since the shell is at rest, the initial momentum is 
zero. After it explodes, the total momentum of the 
equal fragments A and B must be zero, which is 
possible only if they fly off in opposite directions 
with equal speeds. Hence the correct choice is (c). 

21. Since the bomb is at rest, its momentum is zero. 
From the principle of conservation of momentum, 
it follows that, after explosion, the total momentum 
of all the fragments must be zero. Hence the correct 
choice is (a). 


22. The component of weight Mg of the block along the 
inclined plane = Mg sin 6. The minimum frictional 
force to be overcome is also Mg sin 0. To make the 
block just move up the plane the minimum force 
applied must overcome the component Mg sin 6 
of gravitational force as well as the frictional force 
Mg sin 9. Hence the correct choice is (d). 

23. Frictional force on the block = coefficient of friction 
x normal reaction = fimg cos (90° - 9) (v 6 is the 
angle with the vertical. (90° - 0) is the angle 
with the horizontal) = 0.7 x 2 x 9.8 x cos 60° = 
0.7 x 9.8 N 


Hence the correct choice is (d). 

24. Now, u = 20 ms *, t = 5s and v = 0 (since the car is 
brought to rest). The acceleration of the car is 

v-u 0-20 . _ 2 

a = -=-= - 4 ms 

t 5 

The negative sign indicates retardation and its 
magnitude is 4 ms 2 . 

Retardation force = mass x acceleration 


= (940 + 60) x 4 = 4000 N 

Hence the correct choice is (d). 

25. Now las = v 2 - ic. Therefore 


s 


v 2 -u 2 _ 0 -( 20) 2 
la ~2x (-4) 


= 50 m 


Hence the correct choice is (a). 

26. Since the rocket moves vertically upwards against 
gravity, the blast must produce a total acceleration 
(for lift-off) = g + a. Therefore, thrust = m (g + a). 
Thus the correct choice is (c). 

27. Given u = + 5 ms 1 along positive jc-direction 
F = - 0.4 N along negative ^-direction 

m = 200 g = 0.2 kg 

The acceleration a — — = —— = - 2 ms -2 . The 

m 0.2 

negative sign shows that the motion is retarded. The 
position of the body at time t is given by 

1 7 

x = JC n + ut + — at 
1 

At t = 0, the body is at x = 0. Therefore, x 0 = 0. Hence 

1 7 

x = ut + — at 
1 

Since the force acts during the time interval from / = 
0 to t = 10 s, the motion is decelerated only between 
t = 0 and t = 10 s. The position of the body at t = 2.5 s 
is given by 
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* = 5x2.5+ | x (- 2) x (2.5) 2 
= 1.25 m 


Hence the correct choice is (b). 

28. The velocity of the body at t = 2.5 s is 

v = u + at = 5 + (- 2) x (2.5) 
=5-5=0 

Thus, the correct choice is (d). 

29. During the first ten seconds (i.e. from t = 0 to 
/ = 10 s) the motion is decelerated. During this time 
a - - 2 ms . Putting u = 5 ms , a = - 2 ms ^ and 

t = 10 s in equation x = ut + ^ at 2 . We have 

x, = 5x 10+ - x (- 2) x (10) 2 
2 

= - 50 m (i) 

The velocity of the body at / = 10 s is 

v = u + at = 5 + (- 2) x 10 
= -15 ms 1 


During the remaining 20 seconds, i.e. from / = 10 s 
to t = 30 s, the acceleration a - 0. because the force 
ceases to act after / = 10 s. The velocity of the body 
remains constant at - 15 ms 1 during the last 20 
seconds. The distance covered by the body during 
the last 20 seconds is 

x 2 = - 15 x 20 = - 300 m 

/. Position of the body at t = 30 s is 

x =Xj +jc 2 =- 50 - 300 =- 350 m 

Thus, the correct choice is (a). 

30. The magnitude of the velocity (i.e. speed) of the 
body at / = 30 s is 15 ms ’. Hence, the correct choice 
is (b). 

• ^ # # 

31. Given u = 0, a = 2 ms . Since the stone is located in 

the train, the acceleration of the stone is a = 2 ms . 
At time t = 5s, the velocity of the stone is v = u + at 
= 0 + 2 x 5 = 10 ms 1 . Before the stone is dropped, its 
motion is accelerated with the train. But, the moment 
it is dropped, its acceleration due to the motion of the 
train ceases. Therefore, after the stone is dropped, it 
has the following two motions: 

(a) a uniform motion with velocity 10 ms 1 parallel 
to the ground, i.e. 

v x = 10 ms 1 (the horizontal velocity) 


(b) an accelerated motion vertically downwards due 
to gravity. In time t = 0.2 s, the vertical velocity 
of the stone is v v = 0 + gt = 10 x 0.2 = 2 ms 2 . 
The resultant velocity of stone at t = 0.2 s is 

v = yjvl + v 2 v = 7 ( 10) 2 + ( 2) 2 

= = Vi 04 = 2 V 26 ms -1 
Hence the correct choice is (c). 

32. The angle, which the resultant velocity vector, makes 
with the horizontal is given by 

V v 2 

tan G = -£ = — =0.2 
v x 10 

Hence, the correct choice is (b). 

33. After the stone is dropped, the horizontal velocity v x 
remains unchanged because the acceleration is zero 
along the horizontal direction. The only acceleration 
of the stone is the acceleration due to gravity. Hence 
the correct choice is (d). 

34. Mass of the boy (m) = 50 kg, acceleration due to 
gravity (g) = 9.8 ms . The boy exerts a downward 
force (mg) on the weighing machine. The machine, 
in turn, exerts on him an upward reaction force ( R ) 
which it measures. When the lift is stationary, R = mg 
= 50 x 9.8 = 490 N. Thus, the correct choice is (c). 

35. When the lift is moving up or down with a uniform 
speed, it has no acceleration of its own. Hence, the 
reading of the machine will still be 490 N, which is 
choice (c). 

36. When the machine is moving downwards with an 
acceleration a , a force F = ma acts downwards. 
But the reaction R = mg acts upwards. Hence, the 
effective reading will be 

7? eff = R - F= mg - ma = m(g - a) 

= 50 x (9.8 - 5) = 240 N 
Thus, the correct choice is (a). 

37. In this case, R and mg both act in the same direction 
(upwards). Hence, the effective reading will be 

R ef f = mg + ma = m(g + a) 

= 50 x (9.8 + 5) = 740 N 
Thus, the correct choice is (c). 

38. If the lift is falling freely under gravity, then a = g 
and the downward force F = mg. Since the upward 
reaction R is also equal to mg, the effective reading 
will be 

^ eff = m S ~ mg = 0 

Hence, the correct choice is (a). 
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39. Mass of monkey (/w) = 30 kg, g = 10 ms” 2 . If 
the monkey climbs up the rope with a uniform 
acceleration a , the tension in the rope is T = m (g + 
a). If he climbs down with a uniform acceleration a, 
the tension is T = m(g - a). In choice (a), since the 
speed is uniform acceleration a = 0. Therefore 

T =mg= 30 x 10 = 300 N 

In case (b), the tension is 

T = m (g + a) = 30 x (10 + 2) 

= 360 N 

In case (c), the tension is 

T = m(g + a) = 30 x (10 + 5) 

= 450 N 

In case (d), the tension is 

T = m(g-a) = 30 x (10 - 5) 

= 150 N 

Since the rope can withstand a maximum tension of 
400 N, the rope will break only in case (c). Hence, 
the correct choice is (c). 

40. Cross-sectional area of tube (A) = nr 2 . Since the 
speed of the liquid is v, the volume of liquid flowing 
out per second = Av = nrv. Mass of liquid flowing 
out per second = Ttrvp. Therefore, 

Initial momentum of liquid per second 

= mass of liquid flowing per 
second x speed of liquid 

2 2 

= nr pv~ 

This is the rate at which momentum is imparted to 
wall on impact. Since the liquid docs not rebound 
after impact, the momentum after impact is zero. 
Hence, the rate of change of momentum = nr pv . 
From Newton’s second law, the force exerted on the 
wall = rate of change of momentum = nrpv~. I Icncc, 
the correct choice is (d). 

41. The momentum of the shell before explosion is zero. 
The total momentum of the three fragments after 
explosion must also be zero. If m is the mass of each 
fragment and v 1? v 2 and v 3 their velocities, then their 
momenta are 

Pi =m\ x 
p 2 = m v, 
p 3 = m v 3 

where v, =9 ms” 1 along, say, the x-direction and 
v 2 = 12 ms 1 along the ^-direction (Fig. 3.88). The 
resultant of p, and p 2 has a magnitude given by 

P =(p\+p\) V2 = rn(v 2 + v\) m 



Fig. 3.88 

The direction of the resultant vector p is at an angle 6 
with thex-axis. Since the total momentum is zero, we 
have p 3 + p = 0 or p 3 = - p. Therefore, the magnitude 
of p 3 is equal to that of p but its direction is opposite 
(180° - 6) with x-axis. Therefore, magnitude of p 3 is 

/; 3 = magnitude of p 
= m(v] + v]) 12 
= m x (9 2 + 12 2 ) 172 
= 15 m kg ms” 1 

.*. Speed of the third fragment = — = = 

m m 

15 ms” 1 . Hence, the correct choice is (c). 


42. Mass of the ball = 0.15 kg. Initial momentum of 
the ball = 0.15 kg x 12 ms” 1 = 1.8 kg ms” 1 . Final 
momentum of the ball = 0.15 kg x (- 20 ms” 1 ) = 
- 3 kg ms” 1 . Change in momentum = 1.8 - (— 3) = 
4.8 kg ms” 1 . This is the impulse of the force exerted 
by the bat. Now, impulse = average force x time of 
impact. 


.*. Average force = 


impulse 

time 


—- = 48 N. Hence, the 

0.1 


correct choice is (c). 


43. Mass of a ball (m ) = 0.05 kg, initial velocity each 
ball (//) = 6 ms 1 and final velocity of each ball = 
6 ms” 1 . Change in momentum of each ball = mu 
mv = m (u - v) = 0.05 x {6 - (- 6)} = 0.6 kg ms \ 
Now, impulse = change in momentum = 0.6 kg ms 1 
= 0.6 Ns. Hence, the correct choice is (b). 


44. The ball moving along A B with velocity vis deflected 
along BC with velocity v'. The magnitude of vectors 
v and v' is the same = v [see Fig. 3.89 (a)]. 
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Bat 



B 


Change in velocity is Av = v'- v = v' + (- v), i.e. 

Av is the resultant of vectors v' and - v. As shown 
in Fig. 3.89 (b), the magnitude of Av is given by 


~ yfv 2 - M^+2l^COS0 
= y]2v 2 (\ + cos6) 

1 1 9 

= 2 v cos — 

\2 

.*. Change in momentum = 2 mv cos f—j. Hence the 
correct choice is (c) 

45. The slope of the graph between / = 0 and / = 2 s is 
constant and positive. Therefore, the body moves 
from position x = 0 to x = 2 m during the time interval 
from / = 0 to 2 s. Between t = 2 s and t = 4 s, the 
slope of the graph is constant but negative. This 
implies that at t = 2s, the velocity of the body is 
reversed and it retraces its path and returns to x = 0 at 
t = 4 s; and so on. Thus, the body receives impulses at 
t = 0. 2 s, 4 s,..., etc. Therefore, the interval between 
two consecutive impulses is 2 s. Hence, the correct 
choice is (a). 

46. Between t = 0 and / = 2s, the speed of the body is v = 
slope of the (x-t) graph between t = 0 and t = 2s, i.e. 

(2 - 0)m 

v = ---— = 1 ms 

(2-0)s 


At / = 2 s, the velocity of the body is reversed and 
it moves in the opposite direction with a speed = 
- 1 ms \ Therefore, 

Impulse = change in momentum 
= mv - (- mv) = 2 mv 
= 2 x 0.4 kg x 1 ms -1 
= 0.8 kg ms 1 = 0.8 Ns 
Hence, the correct choice is (c). 

47. The required force is to (i) accelerate the plane from 
rest to a speed v over a distance s and (ii) to overcome 
the force of friction (= fiR = /.iMg). The acceleration 
a required to impart a speed v in a distance s 
is given by v - u = 2 as. Since, u = 0, we have 
v 1 = 2 as or a = zr/2s. The force needed to produce 
this acceleration is 

.2 


Fj = mass x acceleration = 


Mv 

2s 


The force needed to overcome the force of friction is 

F 2 =nMg 


Total force needed = F ] + F 2 = M 
Hence, the correct choice is (a). 


f v 2 

-z- + vg 

y 2s 


48. Refer to Fig. 3.90. Since the block is projected 
upwards, it rises after overcoming two forces: (i) the 
component mg sin 6 of the weight mg and (ii) the 
force of friction F = mg sin 0, both acting downwards. 
Therefore, the total downward acceleration is 



a = - g sin 0 - g sin 0 = - 2g sin 9 

Let s be the distance moved up the plane before the 
block comes to rest. Then, from v 2 - u 2 = las , we have 
0 - u~ = 2 x (- 2 g sin 9) x s 


u 


or 


.v = 


4 g sin 9 


Hence, the correct choice is (c). 

49. The weight W = mg of the block can be resolved 
into two rectangular components: one along the plane 
(ITsin 9) and the other perpendicular to it (IFcos 9). 
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T-m x g sin 30°-/= 0 
or /= T— m x g sin 30° 

= 60 - 5 x 10 x sin 30° 
= 60 - 25 = 35 N 
Hence, the correct choice is (b). 

56. The acceleration of each mass is 


F 300 
a = -=- 

// 7 , + /??-, 10 + 20 

Hence, the correct choice is (a). 


= 10 ms 2 


57. The tension in the string is 

T = m x a = 10 x 10= 100 N 

Thus, the correct choice is (a). 

58. The force on mass m x is 

F,--=l£- = 2®£“®.200N 

/77, + m 2 10 + 20 
Hence, the correct choice is (b). 

59. If the force is applied to mass 777, , the acceleration 
remains the same; it does not depend on whether 
force F is applied to m 2 or /?/,. Thus a = 10 ms" 2 . The 
tension in the string, in this case, is 

T = m 2 a = 20 x 10 = 200 N 


Hence, the correct choice is (b). 
60. The force exerted on m 2 is 



777 , F 
777, + m 2 


10x300 
10 + 20 


= 100 N 


Hence, the correct choice is (a). 

61. Let/be the frictional force on each block. 

777 , a - T —f 

and m 2 a = F-T -f 

Subtracting the two equations, we have 
(777 1 - 777 2 ) a = 2T-F 

F 

Since m x = m 2 , we get 0 = 2 T - F or T — — 
10N 2 

Hence, the correct choice is (a). 


(0 

(ii) 


20 

2 


62. Putting T= 10N in Eq. (i) above, we have 

/= T — in , a 
= 10 - 3 x 0.5 = 8.5 N 
Hence, the correct choice is (c). 

63. Mass of each coin (m) = 10 g = 0.01 kg. The 7 th coin 
from the bottom has 3 coins above it. Hence, the 
force on the 7 coin = weight of 3 coins = 3 mg = 
3 x 0.01 x 10 = 0.3 N, vertically downwards. Thus, 
the correct choice is (a). 

64. Since the 8 th coin has 2 coins above, it supports 
the weight of two coins. Hence the force on the 7 th 

.L *L 

coin by the 8 coin = weight of 8 coin + weight of 
two coins above it = weight of three coins = 3 mg = 
0.3 N, vertically downwards. Thus, the correct 
choice is (c). 

65. From Newton's third law, the reaction force exerted 
by the 6 coin on the 7 coin is equal and opposite 
to the action force exerted by the 7 th coin on the 6 th 
coin. Now, the force exerted by the 7 th coin on the 
6 th coin = weight of 7 th coin + weight of 3 coins 
above it = weight of 4 coins = 4 mg = 4 x 0.01x10 = 
0.4 N, vertically downwards. Hence, the reaction 
of the 6 th coin on the 7 th coin = 0.4 N, vertically 
upwards. Thus, the correct choice is (d). 

66. Force of friction is 

/= pR = p mg cos 9 

When the body slides down, the downward force 
along the plane = component mg sin 9 of the weight 
mg. Since the force of friction acts upwards along the 
plane, the effective downward force = mg sin 9-pmg 
cos 9 = mg (sin 9- p cos 9) 

Acceleration = force/mass = g(sin 9- p cos 9) = 
g (sin 9 - kx cos 9). Hence, the acceleration varies 
with* and decreases asx increases. Thus, the correct 
choice is (d). 

67. The mass of water stream striking against the wall in 
1 second = avp. Hence, the change in its momentum 
per second is (a vp )v - (- avp )v = 2 apv . The normal 
component of the rate of change of momentum and, 
therefore, force is 2 apzr cos 9. Hence the correct 
choice is (a). 

68. The square of the time of slide is inversely 
proportional to the acceleration. The accelerations 
in the two cases are 

g 

77 , = g sin 45° = -j= and 

a/2 

a 2 = (# sin 450 - Vk8 cos 45 °) 
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4 =» ! =2.=-L- 

l\ a 2 l-Hk 


Hence, the correct choice is (b). 

69. Refer to Fig. 3.93. The net downward force on the 
body at a distance a is 



J{x) = mg sin 9 - pmg cos 9 
= mg (sin 9- p cos 9) 

= mg (sin 9- kx cos 0) 

/(a) = 0 at a value of .v = a 0 given by 
sin0-fcc o cos# =0 

, . , . tan# 

which gives a 0 = - 

k 

Thus, the correct choice is (a). 

70. The acceleration of the body down the plane is 
g sin 9 - pg cos 0 = g (sin 6- p cos 0) = g(sin 6 
0.5a cos 6). Therefore, the body will first accelerate 
up to x < 2 tan 0. The velocity will be maximum at 
x = 2 tan 0, because for x > 2 tan 0, the body starts 
decelerating. Hence, the correct choice is (a). 

71. Refer to Fig. 3.94. Given AB = 1, AC = /, so that 

BC = V/ 2 - 1. Thus tan 9 = AB/BC = 1/V/ 2 — 1 . A 
horizontal acceleration a imparted to the inclined 
plane has a component a cos 0 down the plane. If 
this equals the component g sin 6 of the g along the 
plane, the object will appear stationary relative to the 
incline, i.e. if 



a cos 9 = g sin 9 

g 

or a = g tan 9 = —,— - 

v/ 2 -1 

Hence, the correct choice is (c). 

72. Refer to Fig. 3.95. 

Let A be the position of the insect when it has reached 
the maximum height /?. Now OA = OC = R . The 
insect will crawl up the bowl until the component 
mg sin 9 of his weight down the plane equals the 
force F = pmg cos 9 of limiting friction (the insect 
will slip down if mg sin 9 exceeds pmg cos 9). Thus 
mg sin 9 = p mg cos 9 or tan 9 = p = 1 /3. 


O 



Let OB = .v, then AB = - a“ . Thus 



or 



(Y tan 9= I) 
3 


which gives a = —?= = 0.95 R . Therefore, h = R-x 

vTo 

= R - 0.95 R = 0.05 R. Hence, the correct choice is 

(c). 

73. The acceleration a is 

F 4 

a = -=- = 0.5 ms “ 

m ] + m 2 5 + 3 

which is the same for both masses. I Ience, the correct 
choice is (d). 

1A. The force on mass of 3 kg = m 2 a = 3 kg x 0.5 ms 
= 1.5 N. Hence the correct choice is (c). 

75. The acceleration a , which is the same for both masses 

_*y 

will still be 0.5 ms . Hence the correct choice is (d). 
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76. Force exerted on mass 5 kg = 5 kg x 0.5 ms 2 = 
2.5 N. Hence the correct choice is (a). 

77. The acceleration of the system is 

net force 12 

a = -=- 

total mass 1 + 2 + 3 

= 2 ms -2 

Hence the correct choice is (d). 

78. The contact force on mass m 2 is 

F 2 = (m 2 + m 3 )a = (2 + 3) x 2 

= ION 

Hence the correct choice is (b). 

79. The contact force on mass m 3 is 

F 3 = m 3 tf = 3x2 = 6N 

Hence the correct choice is (d). 

80. The acceleration of the system is 

net force 12 

a = -=- 

total mass 1 + 2 + 3 

= 2 ms -2 

Hence the correct choice is (d). 

81. Tension T 2 between /;?, and m 2 is 

T 2 = (m 2 + m 3 )a = (2 + 3) x 2 

= ION 

Hence the correct choice is (b). 

82. Tension T 3 between m 2 and m 3 is 

T 2 = m 3 c/ = 3 x 2 = 6 N 

Hence the correct choice is (d). 

83. When the balls are released, the force experienced 
by mass tn is F = its mass x its acceleration = ma. 
This is the force exerted by mass M on mass in. From 
Newton’s third law, the mass m will exert an equal 
force F on mass M. Thus, force on m 2 = F = ma. 
Therefore, the acceleration of M is 

, _ F _ma 
° M~ M 
Hence the correct choice is (c). 

84. Impulse = change in momentum. Let v be the speed 
of the ball before it was caught and m its mass. Since 
the ball is brought to rest after it is caught, the change 
in momentum = mv. Now m = 0.2 kg. Therefore, 
impulse is 0.2 v. Given, impulse = 6 Ns. Hence 

v = — = 30 ms 1 
0.2 

Thus, the correct choice is (c). 


85. Let m be the mass of the car and a be the deceleration 
produced by force F, then F = ma> where a is given 
by 


~ 2 ^ 
las = v or a = — 


Therefore, F = . Thus F v 2 . If v is increased 

2 s 

by 3 times, F will increase by 9 times. Hence, the 
correct choice is (c). 

mv 2 .. 1 

86 . Now, F = -, which implies that s — 9 i.e. s is 

2s F 

inversely proportional to F. Thus, the correct choice 
is (a). 

87. Force acting on mass m is/= ma. Mass m will pull 
mass M to the left with a force/= ma. Hence, the 
net acting on mass M = F -/= F - ma. Therefore, 

acceleration of mass M= — — . Hence the correct 
choice is (a). ^ 

88 . Let a be the minimum acceleration with which the 
boy must climb down the rope. Then mg - T = ma 
or T = mg - ma is the maximum tension. Now, 

T= — mg. Therefore, 

3 2 

— mg = mg - ma 

which gives a = g/ 3. Hence the correct choice is (a). 

89. The mass is in equilibrium at point O under the action 
of the concurrent forces F, T and W=mg. Therefore, 
as shown in Fig. 3.96, The horizontal component 
T sin 0 of tension T must balance with force F and 
the vertical component T cos 6 must balance with 
weight W = mg. Thus 

F = T sin 6 (i) 

and W =T cos Q (ii) 

Thus, the correct choice is (a). 

90. From Eq. (ii) above, it follows that the correct choice 
is (b). 



Fig. 3.96 
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91. Squaring Eqs. (i) and (ii) and adding we get T 2 = W 2 
+ F 2 . Hence the correct choice is (d). 

92. Dividing (i) by (ii) we get F = W tan 0, which is 
choice (a). 

93. The common acceleration of the masses is 

( m \-m 2 )g (6- 4) x 10 ^ rt _ 2 

(777, + m 2 ) (6 + 4 ) 

Hence the correct choice is (a). 

94. The tension in the string is 

2 m { m 2 g 2x6x4x10 

T = -=- = 48 N 

(ni\ + /w 2 ) (6 + 4) 

Hence the correct choice is (b). 

95. If the lift rises upwards with an acceleration a , the 
effective value of g is g eff = g + a. Hence 


T = 


2 m ] m 2 

(/», + m 2 ) 


x(g + a) = 


2x6x4 


10 
= 72 N 

Thus, the correct choice is (d). 

96. In this case, g eff = g - a. Hence 
2/77,/?? 2 


x (10 + 5) 


T = 


x (g - a) = 24 N 


K +m 2 ) 

Thus, the correct choice is (a). 

97. Since the acceleration of the train is perpendicular 
to the acceleration due to gravity, the acceleration 
vector of the train has no component along 
the vertical direction. Hence, in this case, 
g cff = g. Thus, the correct choice is (b). 

98. Let h be the height of each inclined plane. Then, 

h 


the distances along the plane are s, = 


sin0, 


and 




sin0 


respectively. The accelerations of the 


block are tf, = g sin 0, and a 2 = g sin 0 : respectively. 
Now, since the block is released from rest, the 
velocity of the block when it reaches the bottom of 
the planes is v\ = 2a, s { and v 2 = 2 a 2 s 2 respectively. 
But = a x /, and v 2 = a 2 t 2 or a, /, = 2a, s, and 
a 3 1 2 = 2a 2 s 2 . These equations give 


9 

t 2 a, s 2 gsin0, h sin0, 


ff a 2 5, gsin0 2 sin0 2 h 
sin“ 0, 


sin 2 0- 


t 2 _ sin 0, 


sin 0- 


Hcnce, the correct choice is (c). 


99. Let m be the mass of the rope and / its length. The 
tension T at a distance x from the support = weight 

nig 

of length (/ -x) of the rope = — x (/ -x) or 

T = ^^x(3-l) = 40 N 
3 

Hence the correct choice is (c). 

100. The acceleration of the block sliding down the 
smooth inclined plane is a ] = g sin 0 and down the 
rough inclined plane is a 2 = g sin 0 - f.ig cos 0. Given 
/, = t and t 2 = 2 1. If the length of the inclined plane is 
s , we have 

1 2 1 2 

* = “ a \F = - " 2>2 


or 


Q \t] - a 2 t\ 


or g sin Ox t 2 = (g sin 0 -pg cos 0) x (2 1)‘ 
or sin 0 = 4 (sin 0- p cos 0) 


which gives 


p = — tan 0= — (v 0=45°) 

4 4 


Hence the correct choice is (d). 

101. We use the relation v 2 - if = 2 as. Since it = 0, we 
have v~ = 2 as. 

9 9 

Now v] = 2a y s or v = 2g sin Ox s 

.2 


and i; 2 = 2 a 2 ^ or = 2(g sin 0- pg cos 0) x s 


17 


77 


Dividing, we get or n (sin 0- p cos 0) = sin 0 


f 


which gives p = 


1 - 


77 2 J 


tan 0, which is choice (a). 


102. The force of friction between block m and block 
M = p , 77?g, where u, is the coefficient of friction 
between the two blocks. Now, the force of friction 
between block M (with block m on top of it) and 
the horizontal surface = p 2 (M + w)g, where p 2 is 
the coefficient of friction between block M and the 
surface. The maximum force F applied to block M 
must be enough to overcome this force of friction 
and the force due to acceleration of the system. If the 
acceleration of the system is a then this force = (A/+ 
m)a. Thus 

F = (M + m)a + p 2 (A7 + m)g (i) 

Now, since the force on block //? is ppng, its 
acceleration is 

force on mass m _ ppng 


a = 


mass 777 


777 


F\ g 


(ii) 


Using (ii) in (i) we get 
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F = [i x (M+ m)g + [i 2 (Af + /w)g 
= (^! + ^ 2 ) (M + w) g 
= (0.5 + 0.7) x (5 + 3) x 10 
= 96 N 

Hence the correct choice is (d). 

103. The force of friction acting on the box = [img, where 
m is the mass of the box. This force produces an 
acceleration a = [img/m = fig in the box. The box 
will slide on the belt, without slipping, till it attains 
a speed (i>) = the speed of the belt. The distance s 
moved by the box is given by 

v 2 - u 2 = las 

c- n V 2 v 2 4x4 

Since u — 0, s = — =-=- = 1 m. 

2 a 2 fjg 2x0.8x10 


Hence the correct choice is (c). 

104. When the masses are accelerating, there is a tension 
in the string. When a mass m is added to m x such 
that the acceleration is zero, the system of masses 
(/;?, + m) will slide on the surface with a uniform 
speed and then there is no tension in the string. This 
will happen if the downward force m 2 g equals the 
force of friction n(m x + m)g on blocks /??, and m, i.e. 

m 6 

if [i(nu + m)g = m->g or m = —- - =-4 = 

1 c 3 [i 1 0.4 

11 kg. Hence the correct choice is (c). 

105. The block m x will just begin to move up the plane 
if the downward force m 2 g due to mass m 2 trying to 
pull the mass m x up the plane just equals the force 
(m x g sin 9 + /,//77jg cos 9) trying to push the mass m, 
down the plane, i.e. when 

m 2 g = m x g (sin 0 + ju cos 6) 


Now, it is given that m x = m 2 = m and 9 = 30°. 
Therefore, we have 


1 = sin 30° + 1.1 cos 30° 


which gives {.i = - 4 = . Hence the correct choice is (c). 

. >3 

106. The block ni { will just begin to move down the plane 
if the downward force 


(m x g sin 9-flm x g cos 9) on m, just equals the upward 
force m 2 g acting on m x due to m 2 , i.e. if 

m 2 g = m x g (sin 9 - cos 9) 


or 


m x _ 1 

m 2 sind-^cosd 


1 


sin 30°-^=cos 30° 

2v3 


107. The block will just begin to slide when the force 
of limiting friction (mg sin 9) = force of normal 
reaction fimg cos 9, i.e. if mg sin 9 = jimg cos 9 or 

fj = tan 9. Therefore, u = tan 30° = l/v3 . Hence the 
correct choice is (b). 


108. Downward acceleration is 

a = g (sin 9- J.I cos 9) 


= gx 


= gx 


f . 1 

sin 30°—= x cos 30° 
l v3 

( 1 1 V3 

U 73 2 J 


\ 


Hence the correct choice is (a). 

109. Normal reaction R =f Therefore, force of friction 
= /.iR = [if. The net downward force F = mg - [if. 

Hence, the acceleration a = — - r H3 _—= 


m 


m 


g~ 


Ff 


m 


. Hence the correct choice is (d). 


110. As the boy is climbing the pole at a constant 
speed (no acceleration), the force of friction must 
be just balanced by his weight, i.e. [iR = mg or 


/? = 


mg 


40x10 

0.8 


= 500 N. Hence the correct choice 


is (c). 


111. Block m will move over block M if the force F 
applied to m exceeds the force of static friction 
between the two blocks. The minimum F must be 
just enough to overcome static friction. Thus 
f min = coefficient of friction x normal reaction of M 
on m = [i s mg. 

Hence the correct choice is (d). 


112. If F > Us mg, the block m will start moving on block 
M It will, therefore, exert a force on block M due 
to kinetic friction between m and M. This force f k 

f 

= [i k mg . Thus, the acceleration of block M= — = 

M 

mg 

u L . — . Hence the correct choice is (a). 
k M 


113. Given m = 5 kg, [i s = 0.7 and f.t k = 0.5. The force 
applied to the block sufficient to move it = force of 
static friction, i.e. F = [i s mg = 0.7 x 5 x 10 = 35 N. 
Force responsible for producing acceleration of the 
block is 

/ = applied force - force of dynamic friction 


= 4, which is choice (a). 


= F-n k mg 
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= 35 - 0.5 x 5 x 10 
= 35 -25 = ION 
f 10 

/. Acceleration a = —=— = 2 ms 2 

m 5 

Hence the correct choice is (b). 

114. Let the initial speed be u. Final speed v = 0 
in both cases. The retardation for 0, = 30° is 
<7j = g sin 0, and for 0 2 = 60° is a 2 = g sin 0 2 . Now, 
using v 2 - w 2 = lax, we have 

u 2 = 2ajJC| 

= 2a->X 2 


Thus 


x, _ a 2 _ g sin 0 2 _ sin 60° _ ^ 
x 2 ct\ gsin0j sin 30° 


Hcncc the correct choice is (c). 

115. From the principle of conservation of momentum, 
we have 

v \ m 2 r\ 

m x v x = m 2 v 2 or —- = —=- (t) 

V 2 m \ 


When the spring is released, it exerts an equal and 
opposite force F on each block. Let a x and a 2 be the 
accelerations of blocks m x and m 2 respectively. Then 

_ a 7 in, ,.. x 

F = m x a x = m 2 a 2 or — = — L (li) 

a \ "h 

Also v x = 2 a x x x and v 2 = la 2 x 2 , which give 





2 

f \ 


«2 _| 

' m 2 

v 

' m { 

m 2 

1 

6" 

K m \) 

A 

< m 2 ) 

m\ 


[Use Eqs. (i) and (ii)] 

Hence the correct choice is (b). 

116. Refer to Fig. 3.97. The component of acceleration 
vector a along the plane is a cos 0. The component 
of acceleration due to gravity g along the plane is 
g sin 0. The block will stay at rest if a cos 0 = g sin 
0 or a = g tan 0 



Now 0= 30°. Therefore, a-g tan 30° = . Hence 

the correct choice is (d). ^ 

117. The acceleration of block moving down the inclined 
plane is 

a = g sin 0- pg cos 0 

g 1 

Putting a = — and 0 = 30°, we get li = — j= , which 
4 2v3 

is choice (c). 

118. The force F x required to prevent the block from 
sliding down is 

F x = mg sin 0 - p mg cos 0 (i) 

The force F 2 required to make the block move up the 
plane is 

F 2 = mg sin 0 + p mg cos 0 (ii) 

From Eqs. (i) and (ii) we get 

+ T 7 ! =2 mg sin 0 

and F-> — F\ =2 pmg cos 0 

Dividing the two equations, we get 

F 2 + F, _ tan 0 tan 30° ^ 


f 2 -f { 


jU 


1/2V3 


which gives F 2 = 3 F,. Hence the correct choice is 

(c). 

119. We have, h = ^ gt~. When the lift is rising up 
with an acceleration a , the effective acceleration is 
g f = g + a and /' is given by h = ^ gY 2 . Thus 


1 


'#'2 _ 


1 


2 gt 2 8 ‘ 


or 


{g + a)t' 2 =gt 


or 


t = t 


1 + - 
^ g) 


^!/ 2 


which is choice (c). 


120. In this case, the effective acceleration of the coin is 
g' = g - a. Thus the correct choice is (d). 

121. Let M be the mass of the block and m that of the rope. 
The acceleration of the block-rope system is 

F 


a = 


(M + m) 


Therefore, the tension at the middle point of the rope 
will be 
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T = 


/ 


M + — I a = 
2 


A/ + - IF 
2 


(M + m) 


M 5 F 

Given, m = —. Therefore, F= —. Hence the 
2 6 


correct choice is (d). 


F 


122. The acceleration a = —. The resultant of F, and F 


m 


has magnitude F' given by (see Fig. 3.98). 

F' = (F^ + F^) 1/2 = V 2 F(v F, =F 2 = F) 
The direction F' is opposite to that of F v 
Net force on body = F' - F 3 

= V2 F-F 

= (n/2 - 1)F 



the correct choice is (a). 


/;? 


123. The mass of two fragments of equal masses 


2m 


m 

each. The mass of the lighter fragment = —. The 

momenta of heavier fragments are p = - /?? -~ . The 
resultant of momenta p and p is 

p'-tf+p'r- -jip 

From the principle of conservation of momentum, 
the momentum of the third (lighter) fragment of 

mass y must be p but opposite in direction. 

Thus, if V is the speed of the lighter fragment, we 
have 

5 5 


or 


v= 2 V 2 


V 


Hence the correct choice is (c). 

124. Now, mv = 3 1 2 + 4. Since m = 2 kg, v = — t 2 + 2. The 


t . . dv d (3 2 ^ 

acceleration is a = — = — —/ +2 

dt dt\2 


= 3 1. Thus, 


J 


the acceleration of the body is increasing with time. 
Hence the correct choice is (c). 

125. At t = 2s, acceleration a = 3x2 = 6 ms -2 . Hence the 
correct choice is (b). 

126. We know from Newton’s second law that force F is 
given by 

F = tLP=jLu t 2 + 4\ = 6? 

dt dt y ’ 


Hence the correct choice is (b). 

127. For an elastic spring, the relation between force F 
and extension x is 

F =kx 


where k is the force constant of the spring. Let / 0 be 
the original length of the spring, then F = k(I - If) 
where / is the spring length when stretched by a force 
F. We are given that 

2 = *(/, - / 0 ) (i) 

and 3 = k(l 2 - / 0 ) (ii) 

Dividing (ii) by (i) we have 

3 Wo 

2 


Which gives / 0 = 3/, - 2/ 2 . Using this value of / 0 in 

either (i) or (ii) we get k = —-— . 

/ 2 -/( 


When a stretching force of 5 N is applied, let / 3 be 
the length of the spring. Then 

5 = k(f - If) 

Substituting the values of / 0 and A r , and solving we get 

h = 3/2 - 2 /, 

Hence the correct choice is (c). 

128. Refer to Fig. 3.99. The velocity of the shell at the 
highest point is v = // sin G = 100 x sin 30° = 50 ms 1 
parallel to the positive .v-direction. Let m be the mass 
of the shell. Then the mass of the lighter fragment is 

m x = y and its momentum is/;, = m x v x \ where v x = 

200 ms -1 . The direction of p, is vertically upwards. 
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The mass of the heavier fragment is m 2 = — and 
its momentum is p 2 = m 2 v 2 , where v 2 is the speed 

of the heavier fragment at the time of explosion. Let 
momentum vector p 2 substend an angle a with the 
jr-direction as shown. From the law of conservation 
of momentum, the component p 2 sin a of p 2 along 
^-direction must balance with /?, and the component 
p 2 cos a must balance with p, i.e. 



Fig. 3.99 


p 2 sin cc = p ] or m 2 v 2 sin a = m, 0 , 

2 mVj . mVi 

or -- sin a = —- 

3 3 

or 2v 2 sin a = v { (i) 

and p 2 cos a = p or m 2 v 2 cos a = mv 

2 mv 7 

or -- cos a = mv or 

3 

2 v 2 cos a = 3i> (ii) 

Squaring and adding (i) and (ii) we have 

4v\ =v] + 9v 2 

or 2v 2 = (v 2 { + 9y 2 ) 1,2 

Now = 50 ms 1 and u, = 200 ms 1 (given). Using 
these values, we get v 2 = 125 ms’ 1 . Hence the correct 
choice is (a). 

129. The forces acting on the balloon are its weight acting 
downwards and upthrust F acting upwards. Thus 

F - Mg = Ma (i) 

When mass m is removed, we have 

F - (M - m) g = (M - m) a' (ii) 

where a' is the new acceleration. Eliminating F from 
(i) and (ii) and simplifying we get 

. Ma + mg 

a =-- 

M - m 

which is choice (a). 


130. Let m be the mass per unit length of the rope. Let jc be 
the part of the rope on the floor at time /. The weight 
of this part is 

F x = mgx 


Now, if a small part dx falls on the floor in time dt , 
the force exerted by it is 

F 2 = rate of change of momentum 

(m dx)v 


dt 


dx 


Now — = v , where v is the velocity of that part of 
dt ^ 

the rope at that instant. But v 2 = 2gx. I Icncc F 2 = mv 2 
= m x (2g.v) = 2 mgx. Total force F = F, + F 2 = mgx 
+ 2 mgx = 3 mgx = 3 F, 

Hence the correct choice is (c). 


131. Given 


d 2 x 

~dS 


^ 2 dV ^ 9 , 

= 2 t-t or — = 2/- r. Integrating 

dt 


we get 


2 t 3 7 

v = r -= r 


Vi 

v 


The body will reverse its direction of motion 
at a time t when v = 0, i.e. at / = 3 s. Now, since 

v = — , we have — = / 2 _ — 
dt dt 3 

Integrating, we have 


= t__t__t_( t_^ 

3 12 ~ 3 V 4) 


x (at t = 3 s) = 


_ (3) ; 


/■ 


l--l = 

4 


(3)‘ 


m 


Hence the correct choice is (b). 

132. The radius of the circular motion of the bead is 
r = L. The linear acceleration of the bead is a = Or = 
aL. If m is the mass of the bead, then 

Force acting on the bead = ma = m a L 

.*. Reaction force acting on the bead is R = m a L 

The bead starts slipping when frictional force 
between the bead and the rod becomes equal to 
centrifugal force acting on the bead, i.e. 



mv 2 

pR ~ 

r 


or 

p m a L = mrco 2 = mLco 2 

(v v = red) 

or 

pa = or = (at) 2 

s 

II 

8 

• 

• 

• 

or 

2 2 [Jt 

pa = a t ov t= J— 

v a 

y 

which is choice (a). 
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133. The magnitude of the force is 


F= ^F=[(6i-8j + 10k)-(6i-8j + 10k)] 


12 


= {(6) 2 + (8) 2 + (10) 2 ] i/2 = (200) 1/2 = 10 Ji N 

w F 10V2N nr , TI 

Mass = — =-— = 1 () v 2 kg. Hence the 

a 1 ms 2 

correct choice is (a). 

134. let M be the mass of the chain and L its length. If a 
length / hangs over the edge of the table, the force 

pulling the chain down is —— g. The force of friction 

between the rest of the chain of length (L - /) and the 

,, • HM(L-I) 
table is - g . 

L 


For equilibrium, the two forces must be equal, i.e. 
Ml uM(L-l) 

— g =-;- g 


or 

/ =n(L-D 

or 

II 


Thus, the correct choice is (b). 


135. — = —— = — : -= — or 20%, which is choice 

L 1 + jti 1 + 0.25 5 

(c). 

136. Refer to Fig. 3.100. Vertical component of F is 
Fsin 0and the horizontal component is F cos 0. Thus 



R + F sin 0 = mg 

or R = mg - F sin 0 

Frictional force j.iR = f.i (mg - F sin 0). Also 

fj (mg - F sin 9) = F cos 9 


or 



mg 

(ji sin 9 + cos 9) 



F will be minimum if the denominator is maximum, 
i.e. if 

— (u sin 9 + cos 9) = 0 
cl9 


or /J cos 9 - sin 0=0 or u = tan 0, which is choice 
(a). 


137. Now tan 9 = jj. Therefore, cos 0 = 


sin 0 = 




and 


Using these in Eq. (i) above and simplifying, we get 

= /-/ m g 

Hence the correct choice is (d). 

138. Force required to accelerate the body of mass m is 

F = (u s - u k ) mg = (0.75 - 0.5) mg = 0.25 mg 

t . F t . . 

.*. Acceleration = — = 0.25 g, which is choice (a). 

m 


139. Since the blocks slide at the same uniform speed, 
no net force acts on them. If M is the mass of block 
then the tension in the string is T = [i Mg. Also 
T = mg. Equating the two, we get jli M = m or 

M- —, which is choice (b). 


;u 

140. Extension in the spring .v = 


F 

k 


. Therefore, 
k 


potential energy stored in the spring is 



2 2 
m g 

2k 


Hence the correct choice is (a). 

141. If the acceleration of the block and trolley system is 
a , then we have 



mg - T = ma 

(i) 

and 

T- /u Mg = Ma 

(ii) 


Eliminating T, we get 


a = 


m - f.i M 
m + M 


g, which is choice (d). 


142. Dividing Eq. (i) by Eq. (ii) and simplifying we find 
that the correct choice is (a). 


143. No net force acts on the block as it moves at a constant 
velocity. Therefore, downward force = upward force 
or mg sin 9 = f .1 mg cos 0 or fJ = tan 0, which is choice 
(c). 
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144. When a cylinder rolls up or down an inclined plane, 
its angular acceleration is always directed down the 
plane. Hence the frictional force acts up the inclined 
plate when the cylinder rolls up or down the plane. 
Thus, the correct choice is (b). 

145. The horizontal component of F parallel to the surface 
is F sin 9. Hence maximum value of F is given by 

F sin 9 = pmg 

or F sin 60° = 0.5 x V3 x 10 



which gives F = ION. Hence the correct choice is 
(b). 

146. As shown in Fig. 3.101, the insect will crawl without 
slipping if the value of a is not greater than that given 
by the condition: force of friction/= mg sin a. Now 
f = pN, where N is the normal reaction. Thus 

pN = mg sin O' 


or p mg cos a = mg sin a 

or cot a= — =3, which is choice (a). 

F 

O 



Fig. 3.101 


147. Let Tbe the tension in the string. When the system is 
in equilibrium, then for the two equal masses w, we 
have 

T = mg (i) 

and for the mass \fl m y we have 


2 T cos 9 = V2 


mg 



Dividing (ii) by (i), we get cos 9 = —= or 9 = 45°, 
which is choice (c). ^2 

148. The force F on the pulley by the clamp is given by 
the resultant of two forces: tension T = Mg acting 
horizontally and a force (in + M)g acting vertically 
downwards. Thus 


F = yj(Mg) 2 + {(m + M) g} 2 = [M 2 + (m + M) 2 ] 12 g 
which is choice (d). 


149. Refer to Fig. 3.102. Since the block moves with a 
constant velocity, no net force acts on it. Therefore, 
the horizontal component F cos 9 of force F must 
balance with the friction force, i.e. /’. = F cos 9. Also 

F sin 6 



/= mg = 200 N 

Fig. 3.102 

f r = F (™g - F sin 9) 


= p (f-F sin 9) 
p (f- F sin 9) = F cos 9 


or 

p (200 - 100 sin 30°) 

= 100 cos 30° 

or 

( n 

p 200 - 100 x - 
l 2 ) 

= 100x0.866 = 86.6 

or 

, = 866 = 0.58, 

150 



which is choice (b). 

150. Change of momentum of one bullet 

= m (v - u) 

= 0.03 x {50-(-30)} 

= 2.4 kg ms 1 

Average force = rate of change of momentum of 200 

bullets 

= 200 x 2.4 = 480 N, 
which is choice (d). 

151. Let the body leave the surface at point B as shown in 
Fig. 3.103. When the body is between points zl and 
B , we have 

Q Mv 2 

Mg cos 9- N = - 

r 

When the body leaves the surface at point B , the 
normal reaction N becomes zero. Thus 



Fig. 3.103 
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Mg cos 9 


Mv 1 
r 


v 2 (5)" I 

or cos 9 = — = —- = - or 9= 60° 

rg 5x10 2 

Hence the correct choice is (c). 

152. Mass of each piece (m) = 1 kg. Initial momentum = 0. 
Final momentum = p, + p 2 + p 3 . From the principle 
of conservation of momentum, we have 

Pi + p 2 + p 3 =0 

P 3 = “ (Pi + P 2 ) = - (" 7V i + mv i) 

= ~m (v, + v 2 ) 

= - 1 kg x (2i + 3j) ms -1 

= - (2i + 3j) kg ms 1 

p, _ — (2i + 3j) kgms' 1 

r -^- 

t 10” 5 s 

= — (2i H- 3j) x 10 5 newton 

Hence the correct choice is (b). 

153. Since the body is whirled in a horizontal circle, the 
gravity, acting vertically downwards, has no effect 
on the motion. If v is the greatest speed with which 
the body can be whirled, the maximum centripetal 
force (or tension) in the string is mv / R, which must 
balance a force of 25 N. Thus 

_ mv 2 _\xv 2 

R ~ 1 

which gives v = 5 ms -1 , which is choice (b). 

154. It is clear from Fig. 3.104, that when the body at the 
top point A of the circle, its weight mg and tension 
7', in the string act downwards towards the centre 
O of the circle and the sum of the two provides the 
necessary centripetal force. Thus 

T\ + mg = mRor 

or T ] = m (RaT - g) 

= 0.5 x (0.5 x 10 2 - 10) 

= 20 N 

Thus, the correct choice is (b) 


Force 


A 



155. When the body is at the bottom of the circle (point B 
in Fig. 3.104), the tension T 2 is opposite to weight mg 
and the difference (T 2 - mg) provides the necessary 
centripetal force. Therefore, we have 

T 2 = m ( Rco~ + g) 

= 0.5 x (0.5 x 10 2 + 10) = 30 N 
Thus, the correct choice is (c). 

156. Referring to Fig. 3.105, the cyclist is moving on a 
straight road from A to B with a velocity v = 6 ms '. 


B a, D v A 



As he approaches the circular turn, he decelerates 
at rate a,, represented by vector BD. The magnitude 
of declaration is a, = 0.4 ms . At point B , two 
accelerations a,, and a f , the centripetal acceleration 
directed towards the centre C act on the cyclist. 

v 2 (6) 2 

Now a r = — =- = 0.3 ms -2 . Using the law of 

c 120 

parallelogram of vector addition, vector B E gives 
the resultant acceleration a whose magnitude is 
(v DE = a ) 

a = (a? + a 2 c ) m = {(0.4) 2 + (0.3) 2 }" 2 = 0 . 5 ms' 2 

Hence the correct choice is (a). 

157. The tension in the string is given by 

mv 2 

T = mg cos 0 + - 

r 
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where r is the length of the string and v, the velocity 
of the bob when its angular displacement is 6. When 
the angular displacement is maximum, i.c. when 0 = 
40°, v = 0. Tension at 0 = 20° is given by 


161. Refering to Fig. 3.107, when the stone is at the 
topmost point A, the net force towards the centre is 


Ta + mg = 


mv\ 


T = mg cos 20° + - 

r 

where v is the velocity when 0 = 20°. Hence the 
correct choice is (c). 

158. Speedofcar(p) = 36kmh 1 = 10 ms -1 . The maximum 
centripetal force that friction can provide is 


= P mg = 


*min 


IT _ 10x10 
pg 0.8x10 


= 12.5 m 


This is the minimum radius the curve must have for 
the car to negotiate it without sliding at a speed of 10 
ms" 1 . Hence the correct choice is (a). 

159. Speed of train (v) = 36 km h 1 = 10 ms 1 
Radius of the curve (R) = 200 m 
Distance between rails (x) = 1.5 m 
Let the outer rails be raised by a height h with respect 
to the inner rails so that the angle of banking is 0 
(Fig. 3.106). 



Then 


Fig. 3.106 

_ h v 2 
tan 0 = — = — 

* Rg 


xv 2 _ 1.5 x (10)' 


or h = -=- 

Rg 200x 10 

= 0.075 m = 7.5 cm 

Thus, the correct choice is (a). 

160. Now v = 54 km h 1 = 15 ms ~\R = 50 m. The required 
angle of banking is given by 

* v 2 15x15 . _ 

tan 0 = -=- = 0.45 

Rg 50x10 

Thus, the correct choice is (d) 



Fig. 3.107 

When the stone is at the lowermost point 0, the net 
force towards the centre is 

T b - mg = ^ (ii) 

The relation between u A and v B can be obtained 
from the principle of conservation of energy. Let 
the gravitational potential energy be zero at the 
lowermost point B . Then 

KE at B + PE at B = KE at A + PE at A 

or — mv 2 B + 0 = — mv 2 4 + mg x AB 
2 2 

= mv 2 + mg x 2 R 


vl = v 2 a + 4 gR 


(iii) 


Now, when the stone is at A, the string will not slack 
if the whole of centripetal force is provided by the 
weight mg, i.e. T A = 0. Putting T A = 0, we have 

mv\ r-— 

mg = or v A = yjgR 
R 

Hence, the correct choice is (a). 

162. The minimum speed of the stone when it is at its 
lowermost position B , so that the stone can complete 
the circle is obtained from Eq. (iii) above by putting 

v A = yfgR which gives 

v B = -figi* 

Hence, the correct choice is (c). 

163. The pilot does not drop down when he is at the top 
of the loop because his weight mg is less than the 
centripetal force m v 2 /R required to keep him in the 
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loop. The rest of the centripetal force is balanced by 
the reaction of the seat. Hence, he is stuck to the seat 
without being tied to it. If the speed of the aircraft is 
reduced so that mg > mv fR, he will fall off from his 
seat. Therefore, the minimum speed v mm required to 
successfully negotiate the vertical loop is given by 


mg = 


mv 


2 

min 


R 


or v m j n =y[gR = y]\0x4000 

= 200 ms -1 


Thus, the correct choice is (b). 

164. Since the surface is perfectly frictionless, the disc 
will not roll on the surface; it will simply keep on 
rotating at point B where it is placed. Now 

Linear speed = distance from centre x angular 
speed 

Given, r = 20 cm = 0.2 m and co - 20 rad s“*. 

Linear speed at point A = OA x co= rco = 0.2 x 20 
= 4 ms’ 1 . Thus, the correct choice is (d). 

165. Linear speed at point B = BO x 0)=r(0= 0.2 x 20 = 
4 ms '. Hence, the correct choice is (d). 


166. Linear speed at point C = CO x co= — rco = 2 ms 1 , 
which is choice (b). 

167. Given, m = 200 kg, R = 80 m and v = 12 km h 1 = 20 
ms '. The necessary frictional force is given by 


F = 


mv 2 

R 


2 00 x (20) 2 
80 


= 1000N 


Thus, the correct choice is (c). 

168. The angle at which the rider must lean is given by 

lane .£l = P»)L.0.5 

Rg 80x10 


170. Given, m = 100 g = 0.1 kg, n = — Hz and L = 1 m. 

n 

Referring to Fig. 3.108, tension T can be resolved 
into two perpendicular components: T sin 0 and 
T cos 6. The horizontal component T sin 6 provides 
the centripetal force for circular motion and the 
vertical component T cos 6 balances with the weight 
mg. Thus, since 
R = CB = L sin 0, 



T sin 0 = mV = m( 0 2 R = morL sin 6 (i) 

R 

and T cos 0 = mg (ii) 

From (i) we have T = mo) 2 L = mar (vl=l m) 
Using this in Eq. (ii) we get, 
mar cos 0 = mg 


or 


cos 0 


8 = 8 = 10 
" 2 4 * 2 " 2 47r 2 x 5 , 

7T 

= 0.5 


Hence, the correct choice is (d). 

169. The maximum centripetal force that the friction can 
provide is 


F = iimg = 


mv‘ 


or 


B = 


a 


R 

15x15 


Rg 30x10 

= 0.75 (v 54 km h ' = 15 ms" 1 ) 
Hence, the correct choice is (d). 


which gives 6= 60°. Thus the correct choice is (c). 

171. T = mar = 0.1 x 4 n 2 x — = 2 N, which is choice 

_2 

(a). * 

172. Linear speed v = coR = 2 n n L sin 6 

— X 1 x Vl - cos 2 


= 2kx — x 1 x 

n 

= Vl5 ms 1 


Hence, the correct choice is (b). 


60' 
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173. When the bob passes through the equilibrium 
position O , the tension in the string is given by 

T 4 . myl 

T = mg + 


r 


where v is the speed of the bob at O. Now, the 
potential energy of the bob at the extreme position 
A = mgh (sec Fig. 3.109) which is converted into 

kinetic energy ^ mv 2 when it reaches O. Therefore 
— mv 2 = mgh 



Fig. 3.109 


AC = (L + 4) cm and r = (L + 4) sin 9. 

T sin 9 = m x (4k) 2 x (L + 4) sin 9 
T 4/77 £ 

or Z, + 4 = -— =-(v T=4mg) 

\6x~m 16 / 0/7 

g K 2 

= —r- = —r- = 0.25 m = 25 cm 
4k" 4k 2 

or L = 25 - 4 = 21 cm. Hence the correct choice is 


A 



Fig. 3.110 


or v 2 = 2gh. Using this we get T = mg + -. 

r 

PB = r cos 9. Therefore, h = PO - PB = r - r cos 9 
= r( 1 - cos 9). Using this value of h , the tension is 

T = mg + 2 mg (1 - cos 9) 

= mg {1+2(1- cos 9) } 

Given, m = 100 g = 0.1 kg, r = 1 m and 9 = 60°. 
Putting these values, we get T = 2 N. Hence the 
correct choice is (b). 

174. According to Hookes’ law, the stretching force 
F = kx 9 where k is the force constant and x, the 
extension of the spring. A force mg stretches the 
spring by 1 cm. When the mass is describing the 
horizontal circle, total stretching =1+3=4 cm. 
Hence 


T - 4 mg 

Referring to Fig. 3.110, the horizontal component 
T sin 9 provides the necessary centripetal force for 
circular motion, i.c. 

^ ^ /77 v 2 2 

7 sin 0 = - = mco"r 

r 

Given, (O = Inn = 2k x 2 = 4k rad s” 1 . Let L cm 
be the length of the unstretched spring. Then 


175. We have seen above that T = 4mg. Referring to 
Fig. 3.101, we have 

T cos 9 = mg 


or 


cos 9 = 


mg 

T 


"ig 
4 m g 


4 


Hence the correct choice is (a). 

176. As the boy is given a little push, his initial speed can 
be taken to be zero. Suppose he leaves the mound at 
point P at a height h (Fig. 3.111). The forces acting 
on him are his weight mg and the normal reaction F. 
It is clear that at point P 


T 
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mg cos 6- F = 


mv' 

R 


(0 


where v is the speed of the boy at P. This is the speed 
with which he leaves the ice. Energy conservation 
gives 


1 2 

— mv = mg (R - h) 


(ii) 


Using Eqs (i) and (ii) we get, 


mg cos 6- F = 2mg 


R-h 

R 


(iii) 


As the boy leaves the mound, the normal reaction F 
vanishes. Thus, putting F= 0 in Eq. (iii), we have 


cos 0=2 


f R-h 
k R 


h h 2h 

But cos 0 = — . Therefore, we get — = 2-or 

R R R 


h = — R. Hence, the correct choice is (c). 

3 

177. Given, h = 2 m, R= 1.25 m and horizontal distance .9 
= 10 m. When the string breaks, the stone is projected 
in the horizontal direction, which means that there is 
no initial vertical velocity. 

1 2 

From s = ut + — gt , we have (v u = 0), 

2 


» 1 2 
h = - gt 


(i) 


The horizontal distance travelled in time t is 

s =vt (ii) 

where v is the velocity of the stone in the horizontal 
direction which is the same as its velocity in circular 
motion. 

Eliminating t from (i) and (ii) we get 


2/7 


Now, centripetal acceleration is 


a c = 


IT _ gs- _ 10x100 


R 2 HR 2x2x1.25 


= 200 ms 


-2 


Thus, the correct choice is (b). 


178. Refer again to the solution to Q. 161. We have 

*b = v a + 4gR 

Putting v B = yj5gR , we get v A = yfgR . Therefore, 

1 2 1 

kinetic energy at A = — mv A = — mgR. Hence the 

correct choice is (a). 

. . 1 ^ 1 

179. Kinetic energy at A = — mv A = — mgR. When the 

2 2 

string becomes horizontal, the stone falls through a 
height R and gains kinetic energy = potential energy 
lost in falling through height R = mgR. Hence, 
the kinetic energy when the string is horizontal = 

^ mgR + mgR = ^ mgR. Thus, the correct choice 

is (c). 

180. Refer also to the solution of Q.176 again. The 

horizontal velocity v must be such that the centripetal 

.2 


force equals the weight of the body, i.e. 
or v = yfgR . 


mv 

~R 


mg 


181. The car will skid if the normal reaction F = p mg 


2. ... mv 


> 


is less than the centripetal force mv~!r or if 

r 

u mg or v > yfprg . Hence, the correct choice is (a). 

182. The motor cyclist can leave the ground only at 
the highest point on the bridge. At this point, the 
centripetal force is mv !R. He will not leave the 
ground if the centripetal force equals the weight mg. 

mg or = yfgR = yj\{) x 10 = 10 ms 1 . 


Thus 


mv 1 

R 


Hence, the correct choice is (a) 

183. Thrust at the highest point = centripetal force + 
weight 

2 


mv 

R 


+ mg 


Hence, the correct choice is (d). 

184. When the system is in equilibrium, the spring force 
= 3 mg. When the string is cut, the net force on block 
A = 3 mg-2 mg = mg. Hence the acceleration of this 
block at this instant is 


force on block A _ mg _ g 
mass of block A 2m 2 


When the string is cut, the block B falls freely with 
an acceleration equal tog. Hence the correct choice 
is (c). 
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185. Force F = —— 

dt 

= — [A {i cos (kt) - j sin (A/)] 
dt 

= Ak\- i sin (kt) - j cos (kt)] 


Now F ■ p = Ak{- i sin (kt)- j cos kt] 

• A[ i cos (kt) - j sin (kt)] 

= A 2 k[- sin (kt) cos (kt) + cos (kt) sin kt] 

= 0 

(y i i = j j =1 and j j = 0). Hence angle 
between F and P is 90°, which is choice (d). 


12 1 

SECTION 


Multiple Choice Questions Based on Passage 


Questions 1 to 4 are based on the following passage. 

Passage I 

A block of masses m is initially at rest on a 
frictionless horizontal surface. A time-dependent force 
F = at - hr acts on the body, where a and h are positive 
constants. 

1. The magnitude of the force is maximum at time /, 
given by 


<•>! 


(b) T 

b 


(c) 


a 


(d) 


a 


2b v_/ yflb 

2. The maximum force F is given by 


(a) 


(c) 


a 


2b 

2a 


(b) 


(d) 


a 


4b 

4a 


3. The maximum impulse 7 max imparted to the block is 
given by 


(a) 


(c) 


a 


3 Ir 


a 


9b‘ 


(b) 


(d) 


a 


6 Ir 


a' 


12 b 


4. The maximum velocity v attained by the block is 


(a) 

a 

(b) 

4 mlr 

(c) 

a 3 

(d) 

12 mb 2 


a' 


8 mb* 

.3 


a 


16 mb 


>V'4 Solutions 


dF 


1. The force is maximum when — = 0 and 

dt 

dF d 7 

Now —— = — (at - bt ) = a - 2bt 
dt dt 

. dF 

Putting — = 0 and t = t x , we get 


d 2 F 

dt 2 


< 0 . 


dt 

0 = a - 2 bt { 


a 

tx ~ 2b 


* 2 f ^ 

Also —— = — (a-2 bt) = -2 b, which is negative. 
dr dt 

Hence the correct choice is (c). 


2. F = at ] - bt 2 , = a x —— /?x| — 

mdX 1 1 2b \2b) 

the correct choice is (b). 

3. Maximum impulse is given by 

h 

/max = J Fdt 


a 


a 


V a 


= —. Hence 
4b 


•i 

= J (at - bt 2 )dt 


o 


at: bt 


2 3 

a ( a Y b ( a ^ 
21 2b) _ 3V2 ~b) 


a ' 


12 b 


Hence the correct choice is (d). 

4. Now impulse = change in momentum = mv - 0 = nro 

.3 


* * ^\nax 


^max 

m 


a 


12 mb 


j , which is choice (c). 
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Questions 5 to 8 are based on the following passage. 

Passage II 

A body of mass m is initially at rest. A periodic force 
F = a cos (bt + c) is applied to it, where a , b and c are 
constants. 

5. The time period T of the force is 


(a) ^ 


(b) 


In 


a 


(c) 2nJ- 
b 


(d) 2 nj- 

a 


6. The maximum velocity of the body is 

b 


(a) 


(c) 


a 

mb 

c 

ma 


(b) 


(d) 


me 
b + c 
ma 


7. The smallest value of t after t = 0 when the velocity 
of the body becomes zero is given by 


(a) f\ = 


(c) t x = 


K 

a 

n-c 


(b) t x = 


(d) U = T 


n - a 


n 


8. The distance travelled by the body from time / = 0 to 
t = t\ is given by 


a 


(a) 

cos c 

mb 2 

(b) 

(c) 

a 2 

— cos c 
mb 

(d) 


2 a 
mb 2 

2 a 1 
mb 


sin e 


sin c 


'i'L\ Solutions 

'V'' 


5. F will repeat itself at values of t given by 
cos (bt + c) = + 1, i.e. 
bt + c = 0, 2n, 4/t,*-- 


c 2 k - c 4 k - c 
b ’ b 9 b 


2k 


The smallest time interval is T = —. Hence the 
correct choice is (b). 

6. From Newton’s second law of motion, 

dp dv 

b - — = m — 
dt dt 


Thus m 


dv 

dt 


= a cos (bt + c) 


a 


dv = — cos (bt + c)dt 
m 


a r a 

.*. v = — cos (bt + c)dt = —- sin (bt + c) 
m J mb 


(i) 


Since the maximum value of sin(/>/ + c) = 1, v m . dX = 
a 


mb 


Hence the correct choice is (a). 

7. From Eq (i) it follows that v = 0 at values of t 

given by sin (bt + c) = 0 or (bt + c) = 0, K, 2 K, ... or 
c k-c 2k -c 

t = -,-,-. Therefore, 

b b b 


K-C 


'l = 


( c\ K 

, which is choice (d). 

V b) b 


dx 


8. Now v = — => dx = v dt. Therefore, the distance 
dt 

moved between t = 0 and t = t> is 


1 a 1 

x = \vdt = — [sin {bt + c)dt 

J J 


a 


mb' 

a 

mb' 


cos (bt x + c) 


cos 


, 71 

bx — + c 
b . 


a a cos c 

cos (k + c)= 


//////////// 


mb 2 v 7 mb 
Hence the correct choice is (a). 

Questions 9 to 11 are based on the following passage. 

Passage III 

Three masses m , = m, m 2 = 2 m and m 3 = 3 m are hung on 
a string passing over a frictionless pulley as shown in Fig. 
3.112. The mass of the string is negligible. The system is 
then released. 

9. If a { ,a 2 and a 3 are the accelerations of masses w„ m 2 
and m 3 respectively, then 

(a) a x < a 2 < a 2 

(b) a j > a 2 > a 2 

(c) a { > a 2 = o 3 

(d) a, = a 2 = a 3 

10. The tension in the string between 
masses m 2 and is 

(a) mg 

(b) 3 mg 

(c) 4 mg 
5 mg 

(d) -F 


"'i 






mi 



w 3 


Fig. 3.112 
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11. The tension in the string between masses /w, and m 2 

is ~ 

2 mg 

(a) 4 mg (b) 

(c) (d) 2 mg 


Solutions 


9. When the masses are released, mass 777 , moves 
upward and masses m 2 and m 3 move downward with 
a common aeeeleration given by 

(m 2 + tn 3 - / 77 , )g _ (2m + 3m - m)g _ 2g 

T 


a = 


( /?7 , + m 2 + m 3 ) (m + 2/77 4- 2m) 

The correct choice is (d). 

10. Let T be the tension in the string between m { and m 2 
and T f be the tension in the string between m 2 and 
7 / 7 3 [see Fig. 3.113 (a)]. Figure 3.113 (b) shows the 
free-body diagram of mass m y 

/ 77 3 g - r = m 3 a 


=> T f = m 3 (g - a) = 3 m x 

Hence the correct choice is (a). 


2 g 


mg 


Tk 


-t 


(!) 


a. 




a 


my 


T' 


r 




T 


-t 


m m 


(a) 


mg 

(b) 


m\ g 

(c) 


Fig. 3.113 

11. Figure 3.113(c) shows the free-body diagram of 
mass /77,. 

T — m |g = 777 , Cl 

=> T=m l (g + a) = mx + = 

Hence the correct choice is (c). 

Questions 12 to 14 are based on the following passage. 

Passage IV 

Two blocks of masses m , = 3 m and m 2 = 2 m are suspended 
from a rigid support by two inextcnsiblc uniform wires 
A and B. Wire A has negligible mass and wire B has a 


mass / 773 = / 7 ?, as shown in Fig. 3.114. The whole system of 
blocks, wires and the support have an upward acceleration a. 

12. The tension at the mid-point C of wire B is 

— Support 



(a) ^ m(g + a) 

3 

(b) - m(g - a) 


(c) - m(g + a) 


(d) - m(g + a) 

13. The tension at point O 
of wire B is 

(a) 3 m(g + a) 

(b) 3 m{g - a) 

(c) 2 m(g + a) 

(d) 2 m(g-a) 

14. The tension at the mid-point D of wire A is 

(a) 2 m(g + a) (b) 4m(g - a) 

(c) 6 m(g + a) (d) 8 m(g - a) 

Solutions 

'V'' 

12. Refer to Fig. 3.115. Let T be the tension at the mid¬ 
point C of wire B. Then 


3. 114 


T- 


m- 


777 


V 


m 2+-r\g= ”h + 


3 


T = 777 2 + 


2 
777-5 ^ 

-fj fe + «) 


a 


( 777 N 

2m + — 

2 


(g + a ) 


= ~ Mg + ^), 


which is choice (d). 




£ 


■Support 


Wire A 


D \T\ 


g 



a 


°\ 

Cl 


T 2 


<- T 

<*-WireB 





a 


Fig. 3.115 
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13. Let T | be the tension in wire A. Since this wire has 
negligible mass, the tension is the same (= T x ) at 
every point on this wire. Let T 2 be the tension at point 
O of wire B. Then, we have for wire A. 

T \ ~ T 2 -m { g = nt\a (i) 

where T 2 is given by 

T 2 - (m 2 + m 2 )g = (m 2 + m 2 )a 


=> T 2 = (m 2 + m } ) (g + a) 

= (2m + m) (g + a) = 3m(g + a) 
Hence the correct choice is (a). 

14. Putting T 2 = 3 m(g + a) in Eq. (i), we get 
T\ =6 m(g + a). 

Hence the correct choice is (c). 


■ 3J 

SECTION 


Assertion-Reason Type Questions 


In the following questions, Statement-1 (Assertion) is 
followed by Statement-2 (Reason). Each question has 
four choices out of which only one choice is correct 

(a) Statement-1 is true, Statement-2 is true and 
Statement-2 is the correct explanation for 
Statement-1. 

(b) Statement-1 is true, Statement-2 is true but 
Statcmcnt-2 is not the correct explanation for 
Statement-1. 

(c) Statement-1 is true; Statement-2 is false. 

(d) Statement-1 is false; Statement-2 is true. 

1. Statement-1 

A block is pulled along a horizontal frictionless 
surface by a thick rope. The tension in the rope will 
not always be the same at all points on it. 

Statement-2 

The tension in the rope depends on the acceleration 
of the block-rope system and the mass of the rope. 

2. Statement-1 

A truck moving on a horizontal surface with a 
uniform speed u is carrying sand. If a mass Am of 
the sand 'leaks’ from the truck in a time At , the force 
needed to keep the truck moving at its uniform speed 
is u Am!At. 

Statement-2 

Force = rate of change of momentum. 

3. Statement-1 

Two blocks of masses m and M arc placed on a 
horizontal surface as shown in Fig. 3.116. The 
coefficient of friction between the two blocks is u , and 
that between the block M and the horizontal surface is 
fJ 2 . The maximum force that can be applied to block 
M so that the two blocks move without slipping is 
F=(//, +^ 2 ) ( M + m)g. 


m 



Fig. 3.116 

Statement-2 

Maximum force=total mass x maximum acceleration. 

4. Statement-1 

A shell of mass m is at rest initially. It explodes into 
three fragments having masses in the ratio 2:2:1. 
The fragments having equal masses fly off along 
mutually perpendicular directions with speed v. The 
speed of the third (lighter) fragment will be 2 v. 
Statement-2 

The momentum of a system of particles is conserved 
if no external force acts on it. 

5. Statement-1 

The maximum value of force F such that the block 
shown in Fig. 3.117 does not move is /./ mg !cos 0 , 
where jj is the coefficient of friction between the 
block and the horizontal surface. 



Statement-2 

Frictional force = coefficient of friction x normal 
reaction. 
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6. Statement-1 

A ball of mass ni is moving towards a batsman at a 
speed v. The batsman strikes the ball and deflects 
it by an angle 0 without changing its speed. The 
impulse imparted to the ball is zero. 

Statement-2 

Impulse = change in momentum 

7. Statement-1 

A cloth covers a table. Some dishes are kept on it. 
The cloth can be pulled out without dislodging the 
dishes from the table. 

Statement-2 

For every action there is an equal and opposite 
reaction. 

8. Statement-1 

When a ball dropped from a certain height hits the 
floor, it exerts a force equal to the rate of change of 
momentum. 

Statement-2 

The floor does not move because the action and 
reaction forces, being equal and opposite, cancel 
each other. 


Solutions 

1. The correct choice is (a). 

2. The correct choice is (d). The force exerted by 
the leaking sand on the truck = rate of change of 
momentum = u Am/At. The sand falling vertically 
downwards will exert this force on the truck in the 
vertically upward direction. This perpendicular 
force can do no work on the truck. Since the truck 
moves with a uniform velocity, the force exerted just 
overcomes the frictional force. 

3. The correct choice is (c). The force of friction 
between block m and block M = ppng, where Mi is 
the coefficient of friction between the two blocks. 
Now, the force of friction between block M (with 
block m on top of it) and the horizontal surface = 
p 2 (M + m)g, where p 2 * s the coefficient of friction 
between block M and surface. The maximum force F 
applied to block M must be enough to overcome this 
force of friction and the force due to acceleration of 
the system. If the acceleration of the system is a then 
this force = (M + m)a. Thus 



F = (M + m)a + m 2 (M + m)g (i) 


Now, since the force on block m is ft png, its 
acceleration a is 

force on mass m u , mg 

a =-= = Mi g 00 

mass/?? m 

Using (ii) in (i) we get 

F = Mi (A/ - m)g + /j 2 (M + m)g 
= (Mi + M 2 ) (M + m )g 


4. 


The correct choice is (a). The mass of two fragments 

2/77 

of equal masses = — each. The mass of the lighter 


m 


fragment = —. The momenta of heavier fragments 
5 


are p 


2 mv 


. The resultant of momenta p and p is 


p = (p 2+ p 1 2 3 )' 2 = V 2 p 


From the principle of conservation of momentum, 
the momentum of the third (lighter) fragment of 

mass y- must be \f2 p but opposite in direction. 

Thus, if V is the speed of the lighter fragment, we 
have 

5 5 

or V=lJ2v 


5. The correct choice is (a). The component of F 
parallel to the horizontal surface is F cos 6. F will be 
maximum when F cos 6 just overcomes the frictional 
force f— pmg. Thus 


F max cos e = pmg =* F max 


p mg 
cos 6 


6 . The correct choice is (d). Refer to the solution of 
Q.44 of section I. 

7. Statement-1 follows the Newton’s first law of 
motion also called the law of inertia. The dishes 
are not dislodged even when the cloth is suddenly 
pulled because the dishes have the inertia of rest. 
Statement-2 is Newton's third law of motion, it does 
not explain statement-1. Hence the correct choice is 
(b). 

8 . The assertion is true but the reason is not correct 
because action and reaction forces do not act on 
the same body and hence do not cancel each other. 
Hence the correct choice is (c). 
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4 

SECTION 


Previous Years' Questions from AIEEE, IIT-JEE, 
JEE (Main) and JEE (Advanced) 

(with Complete Solutions) 


1. The minimum velocity (in ins" 1 ) with which a car 
driver must traverse a flat curve of radius 150 m and 
coefficient of friction 0.6 to avoid skidding is 

(a) 60 (b) 30 

(c) 15 (d) 25 |2002] 

2. A lift is moving down with acceleration a. A man in 
the lift drops a ball inside the lift. The accelerations 
of the ball as observed by the man in the lift and man 
standing stationary on the ground respectively are 


(a) g, g (b) (g- a), ( g-a) 

(c) (g-a\g _ ^ (d) a,g |2002| 

3. When forces F\ 9 F 2 and Ft, are acting on a particle 
of mass m such that F 2 and Ft, arc mutually 
perpendicular, then the particle remains stationary. 
If force F\ is now removed, the magnitude of 
acceleration of the particle will be 

(a) 5- 

m 


(b) 


f 2 f, 

mF 


(c) h (d) ^ 12002] 

m m 

4. The speeds of two identical cars are u and 4u at a 

given instant. The ratio of the respective distances at 

which the two cars are stopped from that instant is 


(a) 1:1 


(b) 1:4 


(c) 1:8 


(d) 1:16 ]2001] 


5. One end of a massless rope, which passes over a 
massless and frictionless pulley P is tied to a hook 
C while the other end is free. The rope can bear a 
maximum tension of 360 N. With that maximum 
accleration (in ms ) can a man of mass 60 kg climb 
on the rope? 

(a) 16 (b) 6 

(c) 4 (d) 8 |2002] 



6 . A light string passing over a smooth light pulley 
connects two blocks of masses in t and nu (vertically). 

g 

If the acceleration of the system is — , then the ratio 
of masses is ^ 

(a) 8:1 (b) 9:7 

(c) 4:3 (d) 5:3 |2002] 

7. A spring balance is attached to the ceilling of a lift. 

A man hangs his bag on the spring and the balance 
reads 49 N, when the lift is stationary. If the lift 
moves downwards with an acceleration 5 ms 2 , the 
reading of the balance will be 

(a) 24 N (b) 74 N 

(c) 15 N (d) 49 N |2003] 

8 . Three forces start acting simultaneously on a 
particle moving with a velocity y . These forces 
are represented in magnitude and direction by the 
three sides of a triangles as shown in the figure. The 
particle will now move with velocity 

(a) less then y (b) greater y 

(c) equal to y (d) equal to zero[2003] 



F 2 


9. A horizontal force of 10 N is necessary to just hold a 
block stationary against a wall as shown in the figure. 
If the coefficient of friction between the block and 
the wall is 0.2, the weight of the block is 

(a) 20 N (b) 50 N 

(c) 100N (d) 2 N |2003| 


ION 
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10. A marble block of mass 2 kg lying on ice when given 

a velocity of 6 ms 1 is stopped by friction in 10 s. The 
coefficient of friction between the block and ice is 
(a) 0.02 (b) 0.03 

(c) 0.06 (d) 0.01 |2003] 

11. A block of mass M is pulled along a horizontal 
frictionless surface by a rope is mass m. If a force 
F is applied at the free end of the rope, the force 
exerted by the rope on the block is 

mF rnF 


(a) 

M + m 
(c) F 


(b) 


(d) 


M-m 

MF 


|2003] 

M + m 

12. A light spring balance B 2 hangs from the hook of 
another light spring balance B { . A block of mass M 
kg is hung from B 2 . Choose the correct statement 
from the following. 

(a) Both B x and B 2 read M kg each 

(b) B 2 reads A/kg and B ] reads zero 

(c) The readings of /?, and B 2 can have any values 
but the sum of the readings will be M kg 


M 

(d) Both /?, and B 2 will read — kg. 


|2003] 


13. A rocket with a of mass 3.5 x 10 4 kg is blasted 
upwards with an initial acceleration of 10 ms 2 . The 
initial thrust of the blast is 

(a) 3.5 x 10 5 N (b) 7.0 x 10 5 N 

(c) 14.0 x 10 5 N (d) 1.75 x 10 5 N|2003] 

14. What is the maximum value of the force F such that 
the block shown in the arrangement does not move? 
The coefficient of friction between the block and the 
horizontal surface is 0.5. (Take g = 10 ms -2 ) 

(a) 20 N (b) 10 N 

(c) 12 N (d) 15 N |2003] 


(a) one (b) two 

(c) three (d) four [2004] 

17. A string passing over a light frictionless pulley 
carries two masses m x = 5 kg and m 2 = 4.8 kg at 
its ends hanging vertically. When the masses are 
released, their acceleration (in ms ) will be 

(a) 0.2 (b) 9.8 

(c) 5 (d) 4.8 |2004| 

18. A block rests on a rough inclined plane making an 
angle of 30° with the horizontal. The coefficient of 
static friction between the block and the plane is 0.8. 
If the frictional force on the block is 10 N, the mass 
of the block (in kg) is (take g = 10 ms 2 ) 

(a) 2.0 (b) 4.0 

(c) 1.6 (d) 2.5 |2004| 

19. A particle is acted upon by a force of constant 
magnitude which is always perpendicular to the 
velocity of the particle. The motion of the particle 
takes in a plane. It follows that 

(a) Its velocity is constant 

(b) its acceleration is constant 

(c) its kinetic energy is constant 

(d) it moves in a straight line [2004] 

20. A block P of mass m is placed on a horizontal 
friction less surface. Another block Q of same mass is 
kept on P and connected to a rigid wall by means of 
a spring of spring constant k as shown in the figure. 
The two blocks move together, without slipping, 
performing simple harmonic motion of amplitude/!. 
If /i is the coefficient of static friction between blocks 
P and (7, the maximum value of the force of friction 


between P and Q is 
(a) mg 

(c) kA 


kA 
(b) — 

(d) zero 


[2004] 



15. A car is moving in a circular path of radius 500 m 

with a speed of 30 ms '. If the speed is increased at 

—2 

the rate of 2ms , the resultant acceleration will be 

(a) 2 ms 2 (b) 2.5 ms 2 

(c) 2.7 ms' 2 (d) 4 ms' 2 |2003| 

16. A machine gun fires a bullet of mass 40 g with a 
velocity 1200 ms" 1 . The man holding it can exert 
a maximum force of 144 N on the gun. How many 
bullets can he fire per second at the most? 



21. A smooth block is released from rest on a 45° rough 
incline and then slides a distance d. The time taken 
to slide is n times the time it takes to slide the same 
distance on a perfectly smooth 45° incline, the 
coefficient of kinetic friction is 
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F k =1- -r 


n 




(d) A i k 



[2005J 


22. The upper half of an inclined plane with inclination 
6 is perfectly smooth while the lower half is rough. 
A body starting from rest at the top will again come 
to rest at the bottom if the coefficient of friction of 
the lower half is 


(a) 2 sin 0 (b) 2 cos 0 

(c) 2 tan 0 (d) tan Q [2005] 

23. A block is kept on a frictionless inclined surface of 
inclination 6 as shown in the figure. The incline is 
given an acceleration a to keep the block stationary. 
Then a is 

(a) (b) g cosec 6 

tan 6 

(c) g (d) g tan 0 [2005] 



24. A particle of mass 0.3 kg is subjected to force 
F = -kx where k = 15 N m 1 . What will be its initial 
acceleration (in ms if it is released from point 
20 cm away from the origin? 

(a) 3 (b) 15 

(c) 5 (d) 10 [2005] 

25. A car is moving on a straight road with a speed of 
100 ms '. If the coefficient of friction between the 
types and road is 0.5, the distance at which the car 
can be stopped is 

(a) 800 m (b) 1000 m 

(c) 100 m (d) 400 m [2005] 

26. A block of mass m is held stationary against a wall 
by applying a horizontal force F on the block. Which 
of the following statement is false? 

(a) The frictional force acting on the block is f= mg 

(b) The normal reaction force acting on the block is 
N=F 

(c) No net torque acts on the block 

(d) A does not produce any torque. [2005] 



27. A player caught a cricket ball of mass 150 g moving at 
a rate of 20 m/s. If the catching process is completed 
in 0.1 s, the force of the blow exerted by the ball on 
the hand of the player is equal to 

(a) 30 N (b) 300 N 

(c) 150N (d) 3 N [2006| 

28. A ball of mass 0.2 kg is thrown vertically upwards 
by applying a force by hand. If the hand moves 
0.2 m while applying the force and the ball goes up 
to 2 m height further, find the magnitude of the force. 
Consider g = 10 m/s 2 . 

(a) 20 N (b) 22 N 

(c) 4 N (d) 16 N |2006| 

29. The blocks A and B of masses 2 m and m are connected 
as shown in the figure. The spring has negligible 
mass. The string is suddenly cut. The magnitudes of 
accelerations of masses 2 m and m at that instant are 


(a) g, g 

(C) § ’8 


(b) 

(d) 



String 



Z Z 


2 ’ 2 


[2006| 


30. A block of mass m is connected to another block of 
mass M by a spring (massless) of spring constant k as 
shown in the figure. The blocks are kept on a smooth 
horizontal plane. Initially the blocks are at rest and 
the spring is unstretched. Then a constant force F 
starts acting on the block of mass M to pull it. Find 
the force on the block of mass m . 



mF 

M 



mF 

(m+ M) 



(M + m)F 
M 



MF 

(m+ M) 


120071 
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31. A particle moves in the.v -y plane under the influence 
of a force such that its linear momentum is 

p(t)=A [i cos (kt) — jsin(Ay)] 

Where A and K are constants. The angle between the 
force and momentum is 


(a) 0° (b) 30° 

(c) 45° (d) 90 12007] 

32. Two particles of mass m each are tied at the ends of a 
light string of length 2a. The whole system is kept on 
a frictionless horizontal surface with the string held 
tight so that each mass is at a distance V from the 
centre P as shown in the figure. Now the mid-point 
of the string is pulled vertically upwards with a small 
but constant force F. As a result, the particles move 
towards each other on the surface. The magnitude 
of acceleration, when the separation between them 
becomes 2 .v, is 




F a 

(b) 

F x 

2">yla 2 -x 2 

Wa 2 -* 2 

F x 

(d) 

F sja 2 -x 2 

2m a 

2m x 


[2007] 



33. A body of mass m = 3.513 kg is moving along the 
x-axis with a speed of 5.00 ms '. The megnitude of 
its momentum (in kg ms ') is recorded as 

(a) 17.6 (b) 17.565 

(c) 17.56 (d) 17.57 [2008] 

34. A block of base 10 cm * 10 cm and height 15 cm is 
kept on an inclined plane. The coefficient of friction 
between them is V 3 . The inclination 9 of this 
inclined plane from the horizontal plane is gradually 
increased from 0°. Then 


(a) at 6= 30°, the block will start sliding down the plane 

(b) the block will remain at rest on the plane up to certain 
0 and then it will topple 

(c) at 6= 60°, the block will start sliding down the plane 
and continue to do so at higher angles 

(d) at 6 = 60°, the block will start sliding down the 

plane and on further increasing 0 , it will topple at 
certain 6. 1 2009 1 


35. A piece of wire is bent in the shape of parabola 
y = far (y-axis vertical) with a bead of mass m on 
it. The bead can slide on the wire without friction. 
It stays at the lowest point of the parabola when the 
wire is at rest. The wire is now acclerated parallel to 
the.Y-axis with a constant accleration a. The distance 
of the new equilibrium position of the bead, where 
the bead can stay at rest with respect to the wire, 
from the y-axis is 

(a) 


a 


a 


(c) 


gk 

2a 

gk 


(b) 

(d) 


2 gk 
a 

4gk 


[20091 


36. The figure shows the position—time (x - 1) graph of 
one-dimenstional motion of a body of mass 0.4 kg. 
The magnitude of each impulse is 
(a) 0.4 Ns (b) 0.8 Ns 

(c) 1.6 Ns (d) 0.2 Ns [20101 



37. Two fixed frictionless inclined planes making an 
angle 30° and 60° with horizontal arc shown in the 
figure. Two block A and B are place on the two 
planes, What is the relative vertical acceleration of 
A with respect to B ? 

(a) 4.9 ms ~ in horizontal direction 

(b) 9.8 ms : in vertical direction 

(c) zero 

(d) 4.9 ms ~ in vertical direction [2010] 
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38. A particle of mass m is at rest at the origin at time 
/ = 0. It is subjected to a force. F(t) = F 0 e hr in the 
x direction where F {) and b are constants. Which of 
the following graphs represents the variation of the 
velocity (v) of the particle with time f? 




17. (a) 

18. (a) 

19. (c) 

20 . (b) 

21 . (a) 

22 . (c) 

23. (d) 

24. (d) 

25. (b) 

26. (d) 

27. (a) 

28. (b) 

29. (c) 

30. (c) 

31. (d) 

32. (b) 

33. (a) 

34. (b) 

35. (b) 

36. (b) 

37. (d) 

38. (c) 

39. (d) 


m 

Solutions 




1. v= yfJiRg = ^0.6x150x10 =30 ms -1 

2. Apparent weight in the lift = m (g - a). Therefore, ap¬ 
parent accleration inside the lift is (g - a). If the man 
is standing stationary on the ground, the acceleration 
of the falling ball is g. So the correct choice is (c). 

3. Sinccjhc particle remains stationary, the resultant of 
F i, F 2 and F 3 is zero, i.e. 

F\ + F 2 + Fi = 0 





39. A wire, which passes through the hole in a small 
bead, is bent in the form of quarter of a circle. The 
wire is fixed vertically on ground as shown in the 
figure. The bead is released from 
near the top of the wire and it 
slides along the wire without 
friction. As the bead moves from 
A to B , the force it applies on the 
wire is 

(a) always radially outwards 

(b) always radially inwards 

(c) radially outwards initially and radially inwards 
later. 

(d) radially inwards initially and radially outwards 

later. |2014) 


Answers 

1 / 


* 0 -' 

1 . (b) 

2 . (c) 

3- (a) 

4. (d) 

5. (c) 

6 . (b) 

7. (a) 

8 . (d) 

9. (d) 

10 . (c) 

11 • (d) 

12 . (a) 

13. (a) 

14. (b) 

15. (c) 

16. (c) 



=> F\ = - (Fi + ^ 3 ) 

Thus magnitude of F 1 is equal to the magnitude of 

( F 2 + F 3 ) but opposite in direction. Hence if F 1 is 
removed, the magnitude of the force on the particle 

= magnitude of ( Fi + F 3 ) = -magnitude of F 1 . 

Acceleration a =-— 

m 


Magnitude of acceleration = 
opposite to 


L 

m 


but its direction is 


4. Since the cars are identical, their retardation a due to 

2 2 

frictional force will be the same. From v - u = las , 
we have 

0 - ic = - 2 as. 


u 


s \ = 


and 


0 - (4//)" = -2as 2 => s 2 = 


2 a 
\6u 


2 a 


s , 


1 

= 16 

5. From the free body diagram of the man 
T - mg = ma 

T-mg 


T 

i 


a = 


a = 


m 

^max ~ m S 
m 

360-60x10 

To 



= -4 ms 


a 


t 


mg 


Man 
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6 . 


Negative acceleration implies climbing up the rope. 
The rope will break even if the man does not climb 
up the rope. However, choice (c) will be correct if the 
man were to climb down the rope. 

Refer to Fig. 3.5 on page 3.4 of this chapter. The 
acceleration of the blocks is 


a = 


g 


/;?, - m 2 

/??i + m 2 ) 


g 




Given a = —-. Using this in Eq (i), we get 
8 


nh 


m 


9 

7 


49 

7. Mass of bag is m = — = 5 kg 

9.8 

Aparent weight of the bag when the lift moves down 
an acceleration a is 

W' = m (g - a) = 5 x (9.8 - 5) = 24 N 

8. The resultant of three forces which can be represented 
in magnitude and direction by the three sides of 
triangle taken in the same order is zero. This follows 
from the triangle law of vector addition. From 
Newton's first law, if no net force acts on a particle, 
its velocity remains unchanged in magnitude and 
direction. Hence the correct choice is (d) 

9. It follows from the free body diagram shown in the 

figure that / 

W=f 
F = R 


and 

But 



f= pR. Therefore 
W = pR = pF 
= 0.2 x 10 
= 2 N 


10. Frictional forcc/= /img. Therefore retardation is 

/ 

a =-= -mg 

m 

From v = u + at , we have 


0 = 6 - a x 10 => a = — 
6 

.*. f = m x — 

10 


or p mg = m x 
6 


_6 

10 

6 




lOg 10x10 


= 0.06 


11. Refer to the follow ing figure. 
Block 


M 




Rope 

, 1 


F.B.D of block 


M 


a 




F.B.D of rope 
—► a 


m 


■+-F 


Acceleration of block-rope system is 

F 


a = 


M + m 




From free body diagrams of block and rope, we have 

T = Ma 


and 


F - T = ma 


...(ii) 


Using (i) in (ii) we have 

MF 


T = 


M + m 


, which is choice (d) 


12. Refer to the following figure. 




F.B.D. of B\ 

h 


o 

o 

s 

o 



T 2 

(b) 


F.B.D. of S 2 

T 2 


at 


F.B.D. of block 
T\ 



Ti 

(C) 


T { = reading of B } and T 2 = reading of Z? 
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h = T 2 


For equilibrium 

T,=Mg 

7’2=7’, 

and 

Hence T { = T 2 = Mg. So both B { and B 2 will read Mkg. 

13. Initial thrust = ma 

= (3.5 x 10 4 ) *10 = 3.5 * 10 5 N 

14. The horizontal component of F parallel to the surface 
is F sin 0. Hence maximum value of F is given by 

F sin 9 = /. wig 

or Fsin 60° = 0.5 x V3 x 10 


or 


r 

F— =0.5 *V3 x io 


Which gives F = ION. 

15. Centripetal acceleration is 


v‘ 


a c = 


(30)- 


= 1.8 ms 2 


r 500 
Tangential acceleration is 

a t = 2ms 2 _ 

Resultant acceleration a = yfa c + a t 


= V( 1.8) 2 +(2) 2 = 2.7 ms" 2 
16. Momentum of one bullet = mv. If n bullets are fired 
per second, the momentum imparted to the gun per 
second = nmv. From Newton's second law, force = 
rate of change of momentum, i.e. 

F = nmv 

F 144 


n = 


= 3 


mv 0.04x1200 
17. Refer to Fig 3.5 on page 3.4 of this chapter. The 
common acceleration of the masses is 


a = 


m x - m 2 


/;?, + m 2 J 
f 5 — 4.8^ 


g 


-2 


V5 + 4.8 '-’-S-O.Zms 

18. Angle of repose is 
a- tan 1 (ji) = tan- 
1 (0.8) = 39.7°. 

Since 0 < a, the 
frictional force / 
on the block is less 
than the limiting 
friction and is given by (v the block is at rest) 

/= mg sin 0 

=> 10 = m x 10 x sin 30° => m = 2.0 kg 



19. Power P = F • v = Fv cos 6. Since 0 = 90°, P = 0, 

. dW 


i.e. 


dt 


— 0. Hence the work done by the force is 


constant. Therefore, kinetic energy of the particle 
remains constant. 

20. Let a be the acceleration at a time t of the blocks 
executing SHM. The force on the blocks due to 
acceleration is 

F = (m - m) a- 2 ma 

• * ^max — ^ w ^max (^) 

Now, the acceleration is maximum when the blocks 
are at the extreme position of maximum displacement, 
i.e. 

^max = kA 

Equating (1) and (2), we get 

kA 


^max 


2 m 


/. Maximum force of friction = ma 

kA kA 
= m x — x — 

2 m 2 


max 


( 2 ) 


21. The acceleration of the block sliding on a smooth 
inclined plane of inclination 6 is 

a { =g sin 6 (i) 


.*. Distance moved in time /, is 


1 2 

•S*! - 2 a ' t] 


(ii) 


The acceleration on a rough inclined plane is 

a 2 = g sin 6 - /u k g cos 9 (iii) 

Distance moved in time t 2 is 

.2 


1 


^2 ~ Z a 2^2 


(iv) 


Given s j = s 2 = ci and t 2 = nt v Using these in (ii) and 
(iv), we have 

a/[ = a 2 (nt{y 


a ] = n~a 2 


a i 


<7- 


= n 


(v) 


Dividing (i) and (iii) 


a. 


gsin 6 


a 2 gsinO- p k gcos0 

2 sin 45° 1 

^ n sin 45° ~/J k cos 45° \~P k 

1 

^ Pk ~ ^ ” 2 

n 

22. Refer to the solution of Question 6 on page 3.21 .The 
correct choice is (c). 

23. If the inclined plane is given an acceleration a to the 
right, the block experiences a force ma to the left, 
where m is the mass of the block. 
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The following figure shows the forces acting on the 
block. 



24. 


The block with remain stationary if no net force acts 
on it down the plane, i.e. if 

mg sin 0 - ma cos 0=0 

which gives a = g tan 0. 

F -kx 

Acceleration a = — = - 

m tn 


-15x0.2 

0.3 


= -10 ms 2 


25. Magnitude of acceleration = 10 ms 

Frictional force/= p mg. Therefore retardation is 
f 

a=~— = -jUg = -0.5 x 10=-5 ms 2 
m 


Using v 2 -u~ = las , we have 


0 - (100) 2 = 2x-5xs=><f = 1000 m 

26. Since the block is held stationary, it is in translational 
as well as rotational equilibrium. Hence no net force 
and no net torque acts on the block. No net force will 
act on the block if/= mg and N = F. No net torque 
will act on the block, if torque by frictional force f 
about centre O = counter torque by normal reaction 
N about centre O. Hence choice (d) is false. 

27. Given m = 150 x 10 3 kg, = 20 ms" 1 and t = 0.1 s. Let 
F be the force of the impact. Now, impulse = force 
x time of impact = F x /. Also impulse = change in 
momentum = mv. Equating them we have F x t = mv 

mxv (150 x 10' 3 ) x 20 
or F= - =--—-- = 30 N 

t 0.1 

28. A velocity of the ball just after it is released from the 
hand is 

v = \]2gh = \]l x lOx 2 = n/ 40 ms -1 

Let a be the acceleration imparted to the ball during 
the time the hand was moving. During this time, the 
distance moved is s = 0.2 m. The value of a is given 

by 

v 2 - u 2 = las 

or 40 - 0 = 2 x a x 0.2 

which gives a = 100 ms . If F is the magnitude of 
the applied force, then F - mg = ma or F = m(g + a) 
= 0.2 x (10+ 100) = 22 N. 


29. When the system is in equilibrium, the spring force 
= 3 mg. When the string is cut, the net force on block 
4 = 3 mg - 1 mg = 1 mg. Hence the acceleration of 
this block at this instant is 

force on block A mg g 

mass of block A 1m 1 

When the string is cut, the block B falls freely with 
an acceleration equal to g. 

30. The common acceleration of the blocks is 


F 


a = 


(m + M ) 


Force on block of mass m = ma = 


mF 


31. Force 


— dp 
F = — 
dt 


(m + M) 


d 


= — [A{ i cos (kt) - j sin ( kt )] 
dt 


= Ak[- i sin (kt) - j cos (kt)] 


A A 

Now, F • p = Ak\- i sin (kt) - j cos kt]. 
A \ i cos (kt) - j sin (kt)]. 


= A 2 K [-sin (kt) cos (kt) + cos (kt) sin kt] 

A A A A A A 

= 0 (v i.i = j.j = 1 and 1*7 = 0) 


Hence the angle between F and P is 90°. 


32. Refer to the figure. Let/be the force producing the 
acceleration of each mass. It follows from the figure 
that 


F=T cos a+ T cos a=lT cos a = lT sin 0(v (X = 
90° - 0) 


F 

T= - 

2 sin 0 




Also T cos 0 =/= ma (2) 

Using (1) and (2), we get 
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Fcos# F 

° 2m sin 9 2m tan 9 

- Fx 
2/77 Va 2 - X 2 

33. p = mv = 3.513 x 5.00 = 17.565 kg ms '. Since 
the speed v = 5.00 ms 1 has 3 significant figures. 
The result of multiplication must have 3 significant 
figures. Hence the correct choice is (a). 



The block will just begin to slide if the downward 
force mg sin 9 just overcomes the frictional force, 
i.e. if mg sin 0 = pN = p mg cos 0 => tan 0 = p = V 3 

=> e = 60° 


The block will topple if the torque due to normal 
reaction N about O just exceeds the torque due to 
mg sin 9 about 0, i.e. 

N x OA = mg sin 9 x OB 

=> mg cos 6 x 5 cm = mg sin 6 x — cm 

2 

=> tan 0= - => 9= 34°. 

3 

Since 0 for toppling is less than 0 for sliding, the 
correct choice is (b). 

35. For the bead to stay at rest. 


N cos 6 = mg 
N sin 6 = ma 


a 


which gives tan 6= ~ . Now' 

g 


tan 9= slope of the curve = 


d y 

d x 



=>x = 


a 

2 gk 


~r~ ( kx~) = 2 kx 
d x 



36. Velocity = slope of x - t graph. It is clear from the 
graph that the direction of the velocity of the body 
changes after every 2 seconds. Between t = 0 and t = 
2 s, the velocity is 


2 s 

and between t = 2s and t = 4s, the velocity is 

- 2/77 , 

v, = — — =-l ms 
1 2s 

Magnitude of change in velocity Av = \V\- v 2 \ = 
2 ms -1 . 

Magnitude of impulse = Change in momentum 
= //7 Av = 0.4 x 2 = 0.8 Ns 

37. Accleration along the inclined plane is a = g sin 0. 
Vertical component of a is a cos (90° - 9) = a sin 9 
= g sin 2 0. 



For block A , vertical acceleration is is g sin" (60°) 

3 g .... 

= — and for block B the vertical acceleration is 

4 

2 g 

g sin~(30°) = —. Therefore, the relative vertical 

3 g g 2 

acceleration of A with respect to B = — - — = — 
, 4 4 2 

= 4.9 ms . 


38. F = F 0 eT bl => ma = F 0 e~ bl 


dv - bt 
m — = r 0 e 

cit 


dv = 5l € -» dt 

m 


Integrating, we get 


v = 


^0 

e- bl 

m 

-b 
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mb 

It is clear that v = 0 at t = 0 and 
correct graph is (c). 


El 

mb 


as t —» oo. So the 


39. Initially the bead exerts an inward radial force 
(centripetal force) on the wire and the wire exerts 
a normal reaction N radially outwards. At a certain 
instant during the motion, the normal reaction N 
becomes zero. After that instant, the normal reaction 
N will act radially outwards. So the correct choice 
is (d). 
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WORK, ENERGY 
POWER 


REVIEW OF BASIC CONCEPTS __ 

1. Work Done by a Force 

(a) Work done by a constant force 

When a constant force F acting on a body produces a 
displacement S, then the work done by the force is given 
by 

W= F-S = FS cos# 

where # is the angle between the force vector F and the 
displacement vector S [see Fig. 4.1]. F and S are the 
magnitudes of F and S respectively. 



s 

Fig. 4.1 


(i) If # is acute, cos# is positive. Hence work is positive 
for acute #. In this case the force increases the speed 
of the body. 

(ii) If # = 90°, W = 0, i.e. if the force is perpendicular to 
displacement work done by the force is zero. 

(iii) If # is obtuse, W is negative. In this case the force 
decreases the speed of the body. 

(iv) If # = 0, i.e. force F is in the same direction as 
displacement S, then W— FS. 

(v) If # =180°, force F is opposite to S (example 
frictional force), W — - FS. Work done by frictional 
and viscous force is always negative. 

(b) Work done by a variable force 

Suppose a force F is not constant but depends on the 


Chapter 


position vector r of the body, then the work done by the 
force F in moving the body from a position r, to a position 
r 2 is given by 


W= jF-dr 

n 


(Q EXAMPLE 1 A block of mass m = 5 kg slides down 
from the top of an inclined plane of inclination # = 30° with 
the horizontal. The coefficient of sliding friction between 
the block and the plane is 0.25. The length of the plane is 
2 m. Find the work done by the (a) gravitational force, (b) 
frictional force and (c) normal reaction if the block slides 
to the the bottom of the plane. 



SOLUTION 


Refer to Fig. 4.2. 



Fig. 4.2 

Displacement S = AB = 2 m from A to B . 

(a) Angle between F and S is (90° - 9) = 90° - 30° = 60° 
.*. Work done by gravitational force is 

W x = FS cos 60° = mgS cos 60° 

= 5 x 9.8 x 2 x — =49 J 

2 

(b) Work done by frictional force is 

W 2 = fS cos 180° 

= -fS = -nRS 
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T 

I 


j « \a 


= - pmg (cosQ)S 
= -0.25 x 5 x 9.8 x cos 30° x 2 
= -21.2 J 

(c) Since the normal reaction R is perpendicular to 
displacement 5, work done by normal reaction is 

W 3 = RS cos 90° = 0 

© EXAMPLE 2 A block of mass m = 2 kg is raised 
vertically upwards by means of a massless string through 
a distance of S = 4 m with a constant acceleration a = 2.2 
ms . Find the work done by (a) tension and (b) gravity. 
Also find the net work done on the block. 

SOLUTION 

(a) From the free body diagram 
(Fig. 4.3) 

T— mg= ma 

=> T= m(a + g) 

= 2 x (2.2+ 9.8) 

= 24 N 

Work done by tension is (v T 
and S are in the same direction) 

W { = TS cos 0° 

= 24 x 4 x 1 = 96 J 

(b) Since the gravitational force mg and displacement S 
are in opposite directions, work done by gravity is 

W 2 = mgS cos 180° 

= -2 x 9.8x4 = -78.4 J 

(c) Net work done W = W x + W 2 = 96 - 78.4 = 17.6 J 

0 EXAMPLE 3 A block of mass m = 2 kg is suspended 

by a light string from the ceiling of a lift. The lift starts 

—2 

moving down with an acceleration a = 1.8 ms . Find the 
work done by the tension in the string during the first 5 
seconds. 

© SOLUTION Tension T - m(g-a) = 2 x (9.8 - 1.8) 
= 16N 

Distance moved in / = 5 s is 


__1 

2 dt 


’ t 

= H^/2 x ( 5x 3/2) 

dx 

V — = V 

mg 

2 

_ dt 


Fig. 4.3 


5 = -at 2 =-x 1.8 x (5) 2 = 22.5 m 
2 2 


Since the tension and displacement are in opposite 
directions, the work done by tension is 

W= TS cos l 80° = - TS 

= - 16x22.5 =-360 J 

0 EXAMPLE 4 A constant force F = (2i + 3j) newton 
displaces a body from position r, = (4i — 5j) metre to 
r 2 = (i + 3j) metre. Find the work done by the force. 


SOLUTION 

Displacement S = r 2 - 

( A A V /A A A 

i + 3j)-(4i-5j) = -3i + 8j 

W= FS = (2i + 3j) • (-3? + 8j) 

= -6 + 24= 18 J 

P A A /V A. A A -| 

[v i - i = j • j = 1 and i - j = o] 

EXAMPLE 5 A body of mass m = 0.5 kg travels in a 
straight line with a velocity v = 5x where v is in ms and 
jc is in metre. Find the work done in displacing the body 
from x = 0 to x = 2 m. 

SOLUTION 

Acceleration a = — = — (5jc 3 2 ) 

dt dt 

= s xlys * 


75 


JC 


x=2 


.*. Work done W — J Fdx = J tnadx 


x=0 


= 0.5 x — ^x~dx 
2 o 

75 

= 0.5 x —x 
2 


0.5 x 75 


(8-0) 


2x3 
= 50 J 

EXAMPLE 6 The displacement jc of a particle of 
mass m moving in a straight line varies with time t as jc = 
kt “ under the action of a force F where k is a constant. 
The work done by the force is proportional to 


(a) Et 


(c) t 


3/2 


(b) t 

(d) t 


SOLUTION x — kt 3/2 
Velocity 


dx 3 1/2 

v = — = - kv 1 
dt 2 


(0 


Acceleration a = 


dv 3 1 -i/2 

— = -k x — xt “ 

dt 2 2 


_ f-\i2 

4 


Force 


„ 3 km , / 2 

F= ma = - 1 


(ii) 
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Work done W = J Fdx 


From Eq (i) dx = — k t 2 dt 
Using (ii) and (iv) in (iii) we have 


(iii) 

(iv) 


__ r r 3 km 

_1/2 3 . 

w- 

t 1 2 x-kr 

J 4 

2 

9k ~m 

r , 9k 2 m 


dt =- 


df 


8 


8 


/ 


Hence W oc 

EXAMPLE 7 The force F on a particle of mass 
m moving in a straight line varies with its velocity v as 

F = — where k is a constant. The work done by the force 

v 

in time / is 


(a) 

r'T 

(b) 

kt 


\mv ) 


V 


kt 2 



(c) 

m 

(d) 

kt 


SOLUTION F= —=$Fv = k=> F—~k 

v dt 


Work done is 


Fdx = k dt 

t 

fV= J Fdx = k jdt = kt. 


So the correct choice is (d). 

Q EXAMPLE 8 A uniform chain of mass M and 
Length L has a part / of its length hanging over the edge of 
the table. If the friction between the chain and the edge is 
neglected, the work done to pull the length / on the table is 


(a) 


(c) 


Mgl 


MgL 


(b) 


(d) 


Mgl ~ 
2 L 
MgL 
21 


So, energy is measured in the same units as work, namely, 
joule. Like work, energy is a scalar quantity. 

Energy can exist in various forms, such as heat energy, 
electrical energy, sound energy, light energy, chemical 
energy, nuclear energy, mechanical energy, etc. We will 
be mainly concerned with mechanical energy. Mechanical 
energy is of two types, kinetic and potential. 


Kinetic Energy: Energy due to Motion A moving object 
can do work on another object when it strikes it. In other 
words, an object in motion has the ability to do work and, 
by definition, has energy. The energy possessed by a body 
by virtue of its motion is called kinetic energy. 

An initially motionless body can move and acquire a 
velocity only if a force acts on it. The w r ork done by the 
force in causing the body to move measures the kinetic 
energy (written as KE) of the moving body, i.e. 

KE = W 

The kinetic energy of a body of mass /??, moving with a 
velocity v is given by 

KE = - mv 2 
2 

This relation holds even if the force is variable, i.e. if the 
force varies both in magnitude and direction. 

Work-Energy Principle Suppose a body of mass m 
moves with an initial velocity u. A force F acts on it, as 
a result of which it acquires a final velocity v. The work 
done by the force is given by 

V V V 

adx — m I — dx 
J dt 

ll u u 

r 1 

or W = m J v dv - —m(v 2 - ir 

u 

1 -> 1 2 

= — mv - mu 

2 2 

= final KE - initial KE 
= change in KE 



W — | Fdx = mj 


M 

SOLUTION Mass per unit length = —. Mass of 

Ml 

part of length / is m = — . Force (weight) ol this part is 

l^ 


F= nig = 


Mlg 


Work done 



2. Energy 

Energy can be defined as the capacity or ability to do work 
and is measured by the amount of work a body can do. 


Thus, the work done by a force in displacing a body 
measures the change in its kinetic energy. This is the work- 
energy principle. 

Thus, when a force does work on a body, its kinetic 
energy increases; the increase in kinetic energy being equal 
to the amount of work done. The converse of this is also 
true. When the kinetic energy of a body is decreased by a 
retarding force, the decrease is equal to the work done by 
the body against the retarding force. Thus kinetic energy 
and work are equivalent quantities and are, therefore, 
measured in the same units, namely, joule. 

Potential Energy: Energy due to Position or 
Configuration An object can have energy not only by 
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virtue of its motion, but also because of its position or 
configuration. The energy possessed by a body owing to 
its position or configuration is called potential energy. 
For example, a wound watch spring has potential energy 
on account of its wound state or configuration of the coils. 
As the spring unwinds, it does work to move the hands of 
the watch. Thus, a wound spring has the potentiality to do 
work. 

Gravitational Potential Energy? An object held at a posi¬ 
tion above the surface of the earth has potential energy by 
virtue of its position. When it falls from that position, it 
can do work. The potential energy of an object held above 
the earth is called gravitational potential energy. To cal¬ 
culate the energy stored in a body which has been lifted 
above the earth's surface against the gravitational force, 
we have to calculate the amount of work done in carrying 
it there. 

Consider a body of mass m. It is lifted vertically to a 
height h above the earth by applying a force F vertically 
upward. The force F must be just enough to overcome the 
gravitational attraction, i.e. 

F= mg 

where g is the acceleration due to gravity at that place. 
For bodies not too far above the surface of the earth, the 
value of g is practically constant. Hence the work done by 
a constant force F in displacing a body by a height h can be 
calculated by the product Fx h = nigh. Thus gravitational 
potential energy of a body of mass m at a height h above 
the surface of the earth is nigh. The gravitational potential 
energy on the surface of the earth is taken to be zero. 

Gravitational PE = nigh or U = nigh 

Potential Energy of a Spring. Consider a perfectly 
elastic spring. One end of the spring is fixed to a rigid 
wall and other end is fixed to a block which is placed on 
a frictionless horizontal surface as shown in Fig. 4.4. We 
assume that the mass of the spring is negligible compared 
to the mass of the block. 

If we stretch the spring by a distance x, the spring will 
exert a force on us during stretching. This force is due to 
the reaction of the spring and is called the restoring force 
which is proportional to the displacement jc and acts in a 
direction opposite to the displacement, i.e. 



Fig. 4.4 


F o c — JC 

or F = - kx 

where k is the force constant of the spring. The negative 
sign indicates that the force acts in a direction opposite to 
displacement. 

To stretch a spring by a displacement jc, we must exert 
a force F' on it, equal but opposite to the force F exerted 
by the spring on us. Therefore, the applied force is 

F* = - F = kx 

Notice that F' is a variable force as it depends on x. 
Therefore, the work done by the applied force in stretching 
the spring through a distance jc is given by 

X 

W= j F'dx 
0 

x x 

= J ( kx)dx = k | x dx 
o o 

2 o 2 

It is evident that the work done in compressing the spring 

by an amount jc is also given by W = ^ kx 2 . The work 

done in stretching or compressing a spring is stored in it 

in the form of potential energy which is due to the changed 
configuration of the coils of the spring. I Icncc the potential 
energy of a massless elastic spring of force constant k when 
it is stretched or compressed by an amount jc is given by 

U= W= - kx 2 
2 

3. Conservative and Non-Conservative Forces 

(a) Conservative force 

A force is conservative if 

(i) the work done by it on a body in moving it from 
one position to another depends only on the initial 
and final positions of the body and not on the path 
followed by it between the two positions. 

or 

(ii) the net work done by the force on a body that moves 
through any closed path is zero. 

The above two conditions are equivalent. Examples of 
conservative forces are gravitational force, electrostatic 
force and spring force. 

(b) Non-conservative force 

A force is non-conservative if 
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(i) The work done by it on a body in moving it from one 
position to another depends on the path followed by 
the body between the two positions. 

or 

(ii) The work done by the force on a body that moves 
through a closed path is non zero. 

Examples of non-conservative forces are frictional and 
viscous forces. 


4. Conservative Force and Potential Energy 

For a conservative force F that depends upon position /\ 
there is a potential energy function U which also depends 
on r. When a conservative force does positive work, the 
potential of the system decreases, i.e. 

Work done = decrease in potential energy 


or 

or 


Fdx = - cIU 


F = 


dU 

dx 


Hence the negative derivative of the potential energy 
function with respect to position gives the conservative 
force acting on the system. 


5. Principle of Conservation of Energy 

The total energy of an isolated system remains constant; it 
may change from one form to another. 

<Q EXAMPLE 9 An clastic spring of negligible mass 
has a force constant k = 4 Nm One end of the spring 
is fixed to the wall and the other end touches a block 
of mass m = 250 g placed on a horizontal surface. The 
spring is compressed by an amount x = 5 cm as shown in 
Fig. 4.5. The coefficient of friction between the block and 
the horizontal surface is p = 0.2. If the system is released, 
the find the speed of the block when it leaves the spring. 

iQ SOLUTION Loss in P.E. of spring + work done 
against friction = gain in K..E. 


Compressed 

spring 

i 




Fig. 4.5 


or 


1 . •? 1 2 

-kx + pmgx = — mv 


=> I x 4 x (0.05) 2 + 0.2 x 0.250 x 10 x 0.05 
2 

= - x 0.250 x v 2 
2 

which gives v = 0.5 ms 1 


EXAMPLE 10 A bullet moving with a speed of 100 
ms 1 travels a distance of 2 cm in a plank of wood before 
coming to rest. How much distance will the same bullet 
travel in the same plank before coming to rest if it were 
moving with a speed of 200 ms 1 ? 

Q SOLUTION Since the bullet and the plank are the 
same, the resistive force F exerted on the bullet is the same 
in the two cases. The kinetic energy is spent in doing work 
against friction. Hence 


1 2 

— mvT 
2 


= F X] 


and 


1 2 rp 

-mv 2 = Fx 2 


These equations give 


AS = A, 


V 2 

x —j = 2 cm x 


(200 V 


v 


uoo 




= 8 cm 


EXAMPLE 11 A bullet moving with initial kinetic 
energy K enters a block of wood at A. It loses 1/4 its initial 
kinetic energy after travelling a distance AB = 3 cm in the 
block. How much further distance will it penetrate before 
coming to rest? Assume that the resistance offered by the 
block is constant. 

SOLUTION Refer to Fig. 4.6. 

Block 



B 

, 3K 

C 



4 

ii 

o 


Fig. 4.6 

Let F be the constant resistance force. For distance AB , 
we have change in kinetic energy = work done, i.e. 

„ 3 K 

— =FxAB 


F = 


K 


4AB 


Let us suppose that the bullet comes to rest at C. For 
distance BC, we have 

i is 

- -0 = F x BC 


3 K 3 K 4AB 
BC=—= -x—- = 3 AB 

4F 4 K 

BC = 3 x 3 cm = 9 cm 


EXAMPLE 12 A body of mass m = 250 g tied to a 
string is whirled in a vertical circle of radius r= 1 m. Find the 
minimum speed the body must have to complete the circle 
when the body is (a) at the top of the circle and (b) at the 
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bottom of the circle. Also find the tension in the string 
when the body is at the bottom of the circle. Take 
g = 10 ms 2 . 

SOLUTION 

(a) When, the body is at top A of the circle, the net force 
towards centre O is TA + mg. Hence [see Fig. 4.7] 

A 



Fig. 4.7 


t a + m 8 = 


mV 


Where v A = velocity of the body at top A 

and T a = tension in the string when the body 

is at A. 

For v A to be minimum. T A - 0 which gives 
V A = yfgr = yj 10x1 = 3.16 ms 

(b) Let v B be the minimum velocity when the body is 
at bottom B of the circle so that it can complete the 
circle, then from conservation of energy, increase 
in kinetic energy as the body moves from A to B = 
decrease in gravitational potential energy. Hence 

— mv\ - — nnr A = mg x AB = mg x 2 r 
2 2 

=> v\ = 4gr + v\ = 4 gr + gr 

(■•• V A = yfgr) 

v B = yfsgr = ^5x10x1 
= 7.07 ms' 1 

(c) Net force towards centre O when the body is at B is 
( T b - mg). Hence 

mv 2 

t b - m g - — 


B 


t b = 


mv 


B 


+ mg 


(••• v B = \fsgr) 


= 5 mg + mg 
= 6 mg 

= 6 x 0.250 x 10= 15 N 

EXAMPLE 13 A small block of mass m , starts 
from rest at^ and slides on a frictionless track which ends 
in a circular loop of radius r. If h — 6r, find the speed of 
the block when it reaches C as shown in Fig. 4.8(a). What 
is the force exerted on the block by the track when it is at 
C? Also find the minimum height h so that the block is able 
to complete the circle. 



i —C 


SOLUTION Let v be the speed of the block when 
it reaches C. From conservation of energy, gain in K.E. = 
loss in P.E., i.e. 

~mv~ - 0 = mgh - mg x OB = mgh mgr 


1 


■^v 2 = g x 6r - gr = 5gr 

=> v = yj\ 0 gr 

When the block is at C, the track exerts 
a normal reaction N on the block. Since 
the block is moving in a circular path, the 
necessary centripetal force for circular 
motion is provided by the normal reaction 
(Fig. 4.8(b)). 


D 



mV’ m x 1 Ogr 
N = -=- = 10 mg 


Thus the track exerts a force on the block equal to 10 
times the weight of the block. 

To complete the circle, the minimum speed at D must 

be *%in = pigr ■ Hence 


m 8 h min= ~ mV L 


min 


^min = 2 - 5r - 




EXAMPLE 14 The force between two point 
charges c/, and cj 2 separated by a distance r is F = 
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where k is a constant. Find the potential energy of the 
system of charges. 

^ => dU=-Fdr. Integrating 


SOLUTION F= 


dr 


t / 

U = - j Fdr = - kq { q 2 J r~ 2 dr 


u= foift 

r 

EXAMPLE 15 One end of an elastic spring of 
natural length L and spring constant k is fixed to a wall and 
the other end is attached to a block of mass m lying on a 
horizontal frictionless table (Fig. 4.9). The block is moved 
to a position A so that the spring is compressed to half its 
natural length and then released. What is the velocity of 
the block when it reaches position B which is at a distance 

3 L 

— from the wall. 

4 


L k 

(a) tJ- 

4 V m 


(b) i 


'2 k 


m 


3 k 


L 

(c) 7 

4 v m 


L k 

(d) 7 V 
2 V m 


mM 




>- v 


////////////77f/y77////////y/;;/;//////// 


4—1 


3 L 
4 


Fig. 4.9 


SOLUTION At position A, the compression of the 

L 
4' 


spring is —. At position B . the compression is L - — 
2 4 


Therefore, loss of potential energy as the block moves 
from A to B is given by 

2 V 2 / 2 V 4 / 32 

From conservation of energy, loss in P.E. = gain in K.E., 
i.e. 

ML 2 1 2 

-= —mv 

32 2 


L 

v = — 

4 


3& 

m 


EXAMPLE 16 In Ex. 15 above, the speed of the 
block when it leaves the spring is 


(a) L /* 

2 V w 


(c) 


3 L \k_ 
m 


(b) Lj- 
m 


(d) 2L a /— 

m 


SOLUTION The block will leave the spring when 
it acquires its natural length L when its P.E. is zero. Hence 

1 IL\ 2 

the loss of P.E = — j . If v is the velocity when the 

1 

block leaves the spring, then its K.E. = — nw~. Hence 

2 

1 ,(L\ 2 1 2 

—k — = —mv 

2 \21 2 

L [k 

=> v= — J— 

2 V m 

EXAMPLE 17 A uniform chain of mass M and 
length L has a part L/3 hanging over the edge of a table. If 
the friction between the table and the chain is neglected, 
the kinetic energy of the chain as it completely falls off the 
edge of the table is 


(a) 


2 MgL 


(b) 


4 MgL 


(c) -MgL 


(d) MgL 

SOLUTION Mass per unit length of the chain is 
M 

—. Consider a small element of length dx at a distance * 

below the edge of the table. The mass of this element is m = 

M\ . t , 

—j dx. The potential energy of the hanging part of the 

chain is 


L/3 


u= 


Mg 


J 

0 

L 

Mg 

x 2 

L 

2 


L/3 


MgL 
18 

Let us take the potential energy to be zero when the chain is 
on the table. Therefore, the total initial P.E. of the chain is 

u =o + u= 

‘ 18 

If the full chain (of length L) were to fall, the P.E. would be 


Uf= 


Mg j MgL 
- x dx = - 


T . M%L MgL 4 

.*. Loss in P.E. = U r - U: = -= - 


7 


18 


MgL 
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From law of conservation of energy, 


Gain in K.E. = Loss in RE. = — MgL 

9 

Since the initial K.E. is zero, the K.E. as the chain slips off 
4 

the edge = — MgL 

5. Power 


The rate of doing work is called power, i.e. 

Work 

Power = - 

Time 

The faster a given amount of work is done, the greater is 
the power of the agent that does the work. 

In the SI system, the unit of power is the watt (symbol 
W). Power is said to he 1 watt when 1 joule of work is done 
in 1 second, i.e. 

I W = 1 Js~‘ 

Since the watt is a small unit for the measurement of 
power, larger units, namely kilowatt (kW) and megawatt 
(MW) are often used. 

1 kW = 1000 W= 10 3 W 
1 MW = 1,000,000 W= 10 6 W 

The power of an agent can also be expressed in terms of 
the force applied and the velocity of the object on which 
the force is applied. Now, power P is given by 


p= 

t t 


= Fv(v — = rate of change of 
displacement = v) 

Power is a scalar quantity as it is the ratio of two scalars 
W and /, or a scalar product of two vectors F and v. 

@ EXAMPLE 18 An engine pulls a car of mass 1000 
kg on a level road at a constant velocity of 5 ms 1 . If 
the frictional force is 500 N, what power does the engine 
generate? What extra power must the engine supply to 
maintain the same speed up an inclined plane having a 
gradient of 1 in 10? 

vQ SOLUTION Since the car moves at a constant 
velocity, its acceleration is zero. Hence the engine has to 
do work only to overcome the frictional force/. 


Power = fxv = 500 x 5 = 2500 W = 2.5 kW 
For an inclined plane having a gradient of 1 in 10, 

sin 0 = —. To maintain the same speed up the inclined 
10 

plane, the engine has to do extra work against the force 


mg sin 0. Therefore, 


Extra power = mg sin 0 x v 

= 1000 x 9.8 x — x5 =4900 W 

10 

= 4.9 kW 

Q EXAMPLE 19 An electric pump on the ground 
floor of a building takes 10 minutes to fill a tank of volume 
2000 litre with water. If the tank is 40 m above the ground 
and the efficiency of the pump is 40%, how much electric 
power is consumed by the pump in filling the tank? Take 
g = 10 ms 2 . 


O SOLUTION Volume of tank V= 2000 litre 

= 2000 x 10 3 m 3 = 2 m 3 
Mass of water m = pV = 1000 x 2 

= 2x 10 3 kg 

Work done to lift this mass to a height h = 40 m is 

W= mgh = 2 x 10 3 x 10 x 40 = 8 x 10 5 J 


_ , , rr oaiu *+ . _ ? ___ 

Power needed = — =-= — x 10 \\ 

/ 10x60 3 

If P is the total power consumed, the useful power 
available = 40% if P = 0.4 P. Hence 

0.4 P= — x 10 3 => P = 3.33 x 10 3 W 

3 


= 3.33 kW 

Q? EXAMPLE 20 A constant power P is supplied to a 
car of mass m = 3000 kg. The velocity of the car increases 
from it = 2 ms” 1 to v = 5 ms” 1 when the car travels a distance 
x = 117 m. Find the value of P. Neglect friction. 



SOLUTION 


P = Fv = mav 


a = 


P_ 

tnv 


_ _ dv dv dx vdv 

Now a = — =-=-. 

dt dx dt dx 


dv P 
v — = — 
dx mv 

=> v dv = —dx 

m 



V 

f 3 

P r , 

• 

• • 

I v dv = 

— f dx 
m i 


u 

0 

=> 


Px 


3 

m 

m(v } - ir) 
3x 

=> 

P = 


_ 3000 x [(5) 3 - (2) 3 ] 
3x117 

= 1000 W= 1 kW 
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Q EXAMPLE 21 A car of mass m starts from rest 
at time / = 0 and is driven on a straight horizontal road by 
the engine which exerts a constant force F. If friction is 
negligible, the car acquires kinetic energy E at time t and 
develops a power P. Which of the following is/are correct ? 

(a ) E oc t (b) E oc t 2 

(c ) Poet (d) P oc t 2 

@ SOLUTION Since F is constant, acceleration 
F 

a — — is constant. At time /, the velocity ot the car is 
m 

A Ft 

v = u + at = 0 + at = at = — . 

m 


Kinetic energy E at time 


1 2 1 (Ft 

t = —mv=—m — 

2 2 V m 


F ) 2 
- t . 

m y 


Since F is constant, E oc r. 


Ft F 1 1 

Power P at time t = Fv = F x — = — / 

m V m J 

Thus P oc /. So the correct choices are (b) and (c). 


6. Collisions 

Elastic Collisions: If there is no change of kinetic energy 
during a collision it is called an elastic collision. The 
collision between subatomic particles is generally elastic. 
The collision between two steel or glass balls is nearly 
elastic. 

Inelastic Collisions: If there is a loss of kinetic energy 
during a collision . it is called an inelastic collision. Since 


there is always some loss of kinetic energy in any collision, 
collisions are generally inelastic. If the loss is negligibly 
small, the collision is very nearly clastic. Perfectly clastic 
collisions are not possible. If two bodies stick together, 
after colliding, the collision is perfectly inelastic, e.g. a 
bullet striking a block of wood and being embedded in it. 
The loss of kinetic energy usually results in heat or sound 
energy. 

In may be remembered that the total momentum remains 
conserved in both elastic and inelastic collisions. Further, 
since the interacting forces become effectively zero after 
the collision, the potential energy remains the same both 
before and after the collision. 

One-dimensional or Head-on Collision 

Consider two bodies of masses /;?, and m 2 moving with 
velocities //, and u 2 in the same straight line (with u x > u 2 ) 
colliding with each other. Let v x and v 2 be their respective 
velocities after the collision. If velocities u u u 2 , v { and v 2 
are all along the same straight line, the collision is known 
as one-dimensional or head-on collision (Fig. 4.10) 

From the law of conservation of momentum 

m , w, + m 2 u 2 = m x v ] + m 2 v 2 

If momentum along positive x-axis is taken to be positive, 
the momentum along the negative .v-axis is taken to be 
negative. 

Two-dimensional or Oblique Collision 

If the velocities of the colliding bodies are not along 
the same straight line, the collision is known as two- 
dimensional or oblique collision (Fig. 4.11) 



Fig. 4.10 



Before collision After collision 

Fig. 4.11 
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In this case, we apply the law of conservation of 
momentum separately forx andy components of momenta. 
The components of momentum along the positive x-axis 
and positive y-axis are taken to be positive and components 
of momentum along negative x-axis and negative > ? -axis 
are taken to be negative. 

Momentum conservation of x-componcnts gives 
w,w, cos 0, + m 2 u 2 cos 0 2 = rn x v x cos a, + m 2 v 2 cos a 2 
Momentum conservation of ^-components gives 
- m i, sin 0, - m 2 u 2 sin 0 2 = m x v x sin a, - m 2 v 2 sin a 2 

Cofficient of Restitution 

Newton proved experimentally that, when two bodies 
collide, the ratio of the relative velocity after collision to 
the relative velocity before collision is constant for the two 
bodies. This constant is known as coefficient of restitution 
and is denoted by letter e. 

_ velocity of separation after collision 
velocity of approach before collision 


Vi~v 2 = e(u 2 -u x ) 
Eliminating v 2 from (1) and (2), we get 


= 


m { - em 2 

/??, + m 2 


w, + 


Using (3) in (2), we get 

' m x (1 + e) 


v 2 = 


/?? | + m 2 


U\ + 


(m 2 (1 + e) 
/77, + m 2 


m2 - ent\ 

777, + 777 2 


li¬ 


lt- 


( 2 ) 

(3) 

(4) 


Perfectly Elastic Collision 

For perfectly elastic collision, e = 1. Putting e - 1 in 
Eqs. (3) and (4) we get 


V\ 


/ 

\ 


7771 - 777 2 
7771 + 777 2 j 


U \ + 


f 2m 2 ) 

V 777, + 777 2 


II 



and 



f 2777, ^ 

V m \ + m 2 > 


777 2 - 777, ' 

777, + m 2 



Special cases 


u 2 -u, 

(i) For a perfectly elastice collision, e = 1. 

(ii) For a perfectly in inelastic collision, e = 0, 
because the two bodies stick together and hence 
V 2 = Vj. 

(iii) Perfectly elastic or perfectly inelastic collisions do 
not occur in nature. Hence, for any collision, e lies 
between 0 and 1. 

(iv) For a head-on collision (Fig. 4.10) 

velocity of separation _ i7 2 - v ] 

velocity of approach u 2 - //, 

(v) For an oblique collision (Fig. 4.11) 

Velocity of approach = w, cos 0, - u 2 cos 0 2 

Velocity of separation = v 2 cos a 2 - v x cos a, 

cos - V\ cos a, 

e — — --- - - - 

w, cos0, - u 2 cos 0 2 


Velocities after Head-on Elastic Collision 

Refer to Fig. 4.10 again. From the law of conservation of 
momentum, we have 

777,7/, + 777 2 Z/ 2 = 777,17, + 1 ) 1 2 V 2 (1) 

The coefficient of restitution is defined as 


z/ 2 -1/, 


(i) If both bodies have the same mass, then 

777 , = 777 2 = 777 

In this case, 

i;, = u 2 

and 17 2 = 7/, 

This means that in a one-dimensional elastic collision 
between two bodies of equal mass , the bodies merely 
exchange their velocities after the collision. 

(ii) If one of the bodies, say m 2 , is initially at rest , then 

7/ 2 = 0 

In this case. 


and 

V ”h + »h ) 

If, in addition, 777, = m 2 = 777, these equations give 
17, = 0 17 2 =7/, 

Thus, if a body suffers a one-dimensional elastic 
collision with another body of the same mass at rest , 
the first body is stopped dead, but the second begins 
in move with the velocity of the first. 

However, if the body at rest, namely B, is much 
more massive than the colliding body A, i.c. 
777 2 > 777,, such that 777, is negligibly small, then 
17, = -7/, 
and 17 2 —> 0 


777, - 777 2 

V m \ + j 

( 2 / 77 , 7 /, > 

777, + 777 2 
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Thus, if a very light body suffers an elastic collision 
with a very heavy body at rest , the velocity of the 
lighter body is reversed on collision , while the 
heavier body remains practically at rest. A common 
example of this type of collision is the dropping of 
a hard steel ball on a hard concrete floor. The ball 
rebounds and regains its original height from where 
it was dropped while the much more massive ground 
remains at rest. 

Finally, if the body at rest is much lighter than the 
colliding body, i.e. if m 2 < m u we have 

v j — u j v-> — 2 u | 


i.e. the velocity of the massive body remains 
practically unchanged on collision with the lighter 
body at rest and the lighter body acquires nearly 
twice the initial velocity of the massive body. 

(iii) Kinetic energy delivered by incident body to a 
stationary body in perfectly elastic head-on collision. 


\ i 

Kinetic energy of m | before collision is K t = — m x u x 


and after collision is K r - 


Kr 


= "l 

V 


1 

— nhiK . There lore 
2 1 1 


or 



/ 




*1 = 


m. 


m | + m 2 J 


u i + 


nv 


m x + m 2 


u 


and 


^2 = 


nh 


m x + m 2 ) 


U\ + 


nv 


m x + m 2 


u 


when mass m 2 is stationary, u 2 = 0. Then 


= 


nh 


V m x + m 2 


u. 


and 


v o = 


nh 


/?/, + m 2 ) 


u , 


Notice that v x =v 2 = v (say) 

Total K.H. of the system before collision is 

K i= 2 w i M ' 2 

and after the collision is 

1 7 

K r y m \ + m i) v 

Loss in K.E. of the system is 

Ki ~ K f= \ m \ u \ - \ ( m \ + m 2 ) y2 
From Eq. (7) 




The fractional decrease in kinetic energy of m ] is 

AK = i_^L 

K, u? 

If u 2 = 0. ~ /,?2 . Therefore, 

i/j m x + m 2 


v 

u \ 


/ 

V 


m \ 

/;?, + m 


\ 


2 J 


Using this in Eq. (8) we 
get 


K -K f = 


m x m 2 u\ 

2 (/??, + mf) 


In general, if u 2 * 0. we have 


A K 
Ki 


f m x — m 2 ^ 

II 

k 

1 

<N 

1 

<N 

m x m 2 \ 

{ 2(»7, + m 2 ) J 

, W, + m 2 ) 

(m x + m 2 f 


Oblique Impact on a Fixed Horizontal Plane 







1 


The fraction of kinetic energy lost by mass n? l is 
maximum if m x = m 2 and minimum if m 2 —>. 






(iv) Change in kinetic energy of a system in a perfectly 
inelastic head-on collision. 

In a perfectly inelastic collision, the two stick 
together after the collision. Hence v x = v 2 and e = 0. 


Consider a body of mass m moving with a velocity u 
making an angle a with the normal ON to a fixed 
horizontal floor as shown in Fig. 4.12. After collision with 
the horizontal plane, the body is deflected with a velocity 
v making an angle [i with the normal. Since the horizontal 
plane is fixed, it remains at rest. Hence the impact takes 
place along the normal. The normal component of u is 
u cos a along -y direction and the normal component of v 
is v cos/} along the +y directon. Now 


Putting e = 0 in Eqs. (1) and (2), we get 
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velocity of separation 

e = --- 

velocity of approach 

A 

(i>cos/3)j _vcos(3 
(tfoosa)(-j) wcos a 

=> v cos [3 = eu cos a (1) 

N 



Fig. 4.12 


Since the impulsive force acts along the normal, the 
momentum along the normal is not conservved. Since the 
component of the impulsive force along the horizontal is 
zero, the momentum along the horizontal is conserved. 
Hence 

u sin a= v sin (3 (2) 

From Eqs. (1) and (2), we get 

v = (e 2 cos 2 a + sura) 12 u (3) 

,3 lana 

and tan (3= - (4) 

e 

For a perfectly elastic collision, e =1 and Eqs. (3) and 
(4) give 

v = u 

and f3= a 

i.e. for a perfectly elastic collision, the body rebounds 
from a fixed surface with the same speed and at the same 
angle on the other side of the normal. 


Direct Impact on a Fixed Plane 

If the body falling nonnally on a fixed plane rebounds after 
impact, then, in this case a= [3 = 0. Using this in Eqs. (3) 
we get 

v = eu 

© EXAMPLE 22 A body is 
dropped from rest from a height 
h = 5.0 m. After rebounding 
twice from a horizontal floor, 
to what height will it rise if the 
coefficient of restitution is 0.8? 


m 


v = eu 

A 


u 


m 



SOLUTION 


Speed of the body just before first 


impact with floor = ^2gh 

Speed just after first impact = e^Jlgh . This is also the 
speed just before the second impact. Therefore, speed just 

after second impact = e 2 yjlgh . This is the initial speed 
for the upward motion of the body after the second impact, 

i.e. u = e 2 J2gh . Therefore, height attained after two 
impacts is 




= (0.8) 4 x 5 = 2.05 m 






1 

a s 

Note 

:3) Total dh 

rest = h 

Height a 
Speed < 

>tance tr 

ri+e 2 ] 

ittained after n impacts is h„ = e "h 

3f rebound after /7th impact is 
Jlgh 

avelled before the body comes to 






EXAMPLE 23 A steel ball of mass m moving with 
velocity z/, undergoes a perfectly elastic head-on collision 
with another identical steel ball moving with velocity u 2 . 
Show that, after the collision, they merely exchange their 
velocities. 


SOLUTION Refer to 
conservation of momentum. 


Fig. 4.10 again. From 


mu | + mu 2 = mv x + mv 2 

=> u x + u 2 = v x + v 2 (i) 

From the definition of coefficient of restitution, 
v 2 -V\= e (f/j - u 2 ) 

For a perfectly elastic collision, e = 1. Hence 

v 2 -V\= u x - u 2 (ii) 

From (i) and (ii) we get 


v x = u 2 and v 2 = u x 

@ EXAMPLE 24 A steel ball of mass m moving with 
a velocity u undergoes a perfectly elastic oblique collision 
with another indcntical steel ball initially at rest. Show 
that, after the collision, they move at right angles to each 
other. 



SOLUTION 


Refer to Fig. 4.14 


Fig. 4.13 
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Fig. 4.14 

From conservation of momentum, 
mu = m\ x + my 2 


U = V , + v 2 


(0 


Taking the scalar product of u with itself, we have 
u-u= (v, + v 2 ) • (Vj + v 2 ) 

=> u 2 = v 2 + 2v, • v 2 + v\ (ii) 

Since kinetic energy is also conserved in an elastic 
collision, we have 

1 2 1 2 1 2 

—mu = —mV\ H— mv-> 

2 2 2 


=> u = v\ + v 2 

Using (iii) in (ii), we get 
2 v j • v 2 = 0 
=> v, • v 2 = 0 

=> v x v 2 cos 0=0 
=> cos 0=0 => 


(iii) 


0= 90 ( 


EXAMPLE 25 Two steel balls of the same mass 
m moving in opposite directions with the same speed u 
collide head-on. If the collision is perfectly clastic, predict 
the result of the collision. 

© SOLUTION m x = m 2 = m, u x = u and u 2 = - u. Let 
v x and v 2 be their velocities after collision. 

Total momentum before collision = m x u x + m 2 u 2 
= m (it - u) = 0 

Total momentum after collision = mv x + mv 2 = m(v x + v 2 ) 

From conservation of momentum, 

0 = m(v x + v 2 ) => v 2 = - v x 

Since e = 1, we have 

v 2 -V\= u x - u 2 = u - (- u) = 2 u 

Putting v x =- v 2 , we get u 2 = //. Also v x =-u. Thus, after 
the collision, the two balls move in opposite directions 
with equal speeds, each equal to u but their directions arc 
reversed. 

Q EXAMPLE 26 A ball mass 2 kg moving with a 
velocity of 8 ms 1 collides head-on with another ball of 
mass 4 kg moving with a velocity of 2 ms 1 moving in the 
same direction. The collision is clastic and the coefficient 
restitution is e = 0.5. 


(a) Find the velocities of the balls after the collision. 

(b) Calculate the loss of kinetic energy due to collision. 
3 SOLUTION Refer to Fig 4.10 again. 

(a) Given m x = 2 kg, m 2 = 4 kg, u x = 8 ms \ u 2 = 2 ms 1 
and e = 0.5 

From conservation of momentum 

m x u x + m 2 u 2 = Wjl?| + m 2 v 2 
=> 2 x 8 + 4 x 2 = 2u x + 4i> 2 


12 =v x + 2 v 2 


(i) 


Since e = 0.5, we have 

v 2 -v x =e (u j - u 2 ) = 0.5 x (8 - 2) = 3 (ii) 

Eliminating v 2 from (i) and (ii) we get v x = 2 ms 
Using this in (i) or (ii), we get v 2 = 5 ms 1 

(b) Kinetic energy before collision is 


K:= — m . u] 4- — nuu 2 
2 2 


' 2“2 


= - x 2 x (8) 2 + - x 4 x (2) 2 = 72 J 
2 2 


Kinetic energy after collision is 


^ 1 2 1 2 
K f = — m \V X + — nuv* 
J 2 1 1 2 


f 2 C/ 2 


= - x 2 x (2) 2 + - x 4 x (5) 2 = 54 J 
2 2 

Loss of K.E. = K t - K f = 72 - 54 = 18 J 

EXAMPLE 27 In Example 27, what is the loss of 
kinetic energy if the ball of mass 4 kg is moving towards 
the mass of mass 2 kg, their speeds being the same? 

Q SOLUTION In this case u 2 = - 2 ms -1 . Equations 
(i) and (ii) become 

(iii) 

(iv) 


4 = v x + 2v 2 


and 


V 2 ~Vy = 5 


Equations (iii) and (iv) give i>, = - 2 ms 1 and v 2 = 3 ms 

K: = - x 2 (8) 2 + - x 4 x (-2) 2 = 72 J 
* 2 2 


-1 


K f = - x 2 x (-2) 2 + - x 4 x (3) 2 = 22 J 
’ 2 2 

Loss of K.E = 72 -22 = 50 J 

EXAMPLE 28 Two blocks B and C of masses 
1 kg and 2 kg respectively are connected by a massless 
elastic spring of spring constant 150 Nm 1 and placed on 
a horizontal frictionless surface as shown in Fig. 4.15. 
A third block A of mass 1 kg moves with a velocity of 
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3 ms 1 along the line joining B and C and collides with B. 
If the collision is perfectly elastic and the natural length of 
the spring is 80 cm, find the minimum separation between 
blocks B and C. 


C 



<Q SOLUTION Given m A = m B = 1 kg, m c = 2 kg and 
u = 3 ms '. Block A will collide with block B. Since they 
have equal masses and the collision is perfectly elastic, 
A will come to rest and B will move to the right with a 
velocity u. Block B will compress the spring. Hence block 
C will accelarate and block B will retard until both B and 
C move with the same velocity. Let this common velocity 
be v. Since no external force acts, the momentum of/? and 
C is conserved, i.e. 

m B u = (m B + m c ) v 

=> lx3=(l+2) u => i/=1ms _l 

If x is the maximum compression, then from the principle 
of conservation of energy, 


2 


~ m A U 


2 _ 


— (m R + m r ) v 2 + — kx 2 
2 B C 2 


- x 1 x (3) 2 
2 


- x(l + 2) x (l) 2 + - x 150 xjc 2 
2 2 


which gives x = 0.2 m = 20 cm 


/. Minimum separation between B and C = 80 cm - 20 cm 
= 60 cm 


(Q> EXAMPLE 29 A block of m x = m is moving on a 
frictionless horizontal surface with velocity u x = 2 u towards 
another block of mass m 2 = 3 m moving on the same surface 
with velocity u 2 - u in the same direction. A massless 
spring of force constant k is attached to m 2 as shown in 
Fig. 4.16. When block m, collides with the spring, show 
that the maximum compression of the spring is given 



u [3m 

2 U ' 


m 2 



(Q SOLUTION When block /m, collides with spring, 
it begins to get compressed. As a result m 2 gains speed. 
The compression of the spring is maximum at the instant 
when the relative velocity of m x with respect to m 2 is zero. 


i.e. when both m x and m 2 have equal velocities. Let v be 
the common velocity of the blocks. From conservation of 
momentum, 

m | z/, + m 2 u 2 = (aw, + m 2 )v 
=> 2/mm + 3 mu = (m + 3 m)v 

5 u 

=> v = — 

4 


From the law of conservation of energy 
Loss in K.E. = gain in P.E of spring 
If x is the maximum compression, then 


/I 2 1 2 \ 1, x 2 1 , : 

\~ m \ u \ +~ m 2 u 2 +m 2 ) v =-kx 


1 7 1 7 

— x m x (2m) + — x 3 m x iC - 

2 2 


- (m + 3/m) x 



3 7,2 U 

=> — mu = kx => x = — J— 

4 2 V k 


7. Useful Formulae and Tips 


1. A body of mass m is dropped from a height h. Due to 
the friction of a ir, it will hit the ground with a speed 
less than yj2gh . If v is the speed with which it hits 
the ground, the work done by friction is 


1 1 

Wf= — mv - mgh = — m(v - 2gh) 
2 2 


If friction is absent, W f = 0, then v = yj2gh . 

2. Two block A and B of masses /m, and m 2 are released 
from the same height at the same time. Block A slides 
along an inclined plane of inclination 6 and block B 
falls vertically downwards (Fig. 4.17) 


B 



If the inclined plane is frictionless, gain in KE = loss 
in PE, i.e. 
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m x gh 


v, = Jlgh 


If the air friction is neglected. 

=> V 2 = y[2gh 


2 m 2 v \ = 


Thus both block will hit the ground with the same 
speed independent of the mass. But the times taken 
to reach the ground will be different. 


For block A, /, = 



For block B , t 2 = y— 

3. If a block of mass m in contact with a spring 
compressed by a distance x is released, the block 
will leave the spring with a velocity v determined 
from 

1 j 2 1 2 

— kx = — mv 

2 2 

\~k 

which gives v = J— x, where k is the spring constant. 

V m 

4. If a block of mass in moving with speed u comes in 
contract with a relaxed spring of spring constant k, 
its velocity v when the spring is compressed by an 
amount x is obtained from. 

1 2 1 2 . 1/2 

— mu = — mv + — kx 

2 2 2 


which gives v = 


(kx 1 


V' 


1/2 


— U 

V m J 


5. If two springs of spring constants and k 2 are 
stretched by the same force F, then F = k jjc, = k 2 x 2 . 
Potential energy stored is 




1 . 2 

1 „ 

p_ 

= Fx 


Ux = 

- k v x] = 
2 1 1 

-Fx, 

2 

2m 




1 . 2 

1 

and — 

m 2 

and 

v 2 = 

X*2*2 = 

-Fx, 

^2 

m \ 


which give 


Ua 

u. 


6. If the two springs are stretched by the same amount 
x, then Fj = fcjX and F 2 = /:>v. 

f/, = - and U 2 = - k 2 x 2 . 


= ±L = E 

U-, k, F, 


7. A chain has a length L and mass M. A part Lin is 
hanging at the edge of the table. The length of the 
chain lying on the table is (L - Lin). Then work done 
against gravity to pull the the hanging part on the 

table = —— 

2n 2 

8. If a body of mass m moving with velocity v is stoped 
in a distance x by a retarding force F, then 

1 2 r-y 

— mv = Fx 

2 

(a) If two bodies of masses /??, and m 2 moving with 
the same velocity are subjected to the same re¬ 
tarding force, the ratio of the stopping distance 
is 


nu 


m 


(b) If the two bodies are moving with equal kinetic 
energy and are stopped by the same retarding 
force, then 


x, =x 2 


(c) If the two bodies are moving with equal linear 
momentum and are stopped by the same force, 
then. 
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i 

SECTION 


Multiple Choice Questions with One Correct Choice 


1. A raindrop of radius r falls from a certain height h 
above the ground. The work done by the gravitational 
force is proportional to 

(a) r (b) r 

(c) r 3 (d) r 4 

2. A block of mass m moves up an inclined plane 
of angle of inclination 6. If p is the coefficient of 
friction between the block and the inclined plane, the 
work done in moving the block through a distance x 
along the plane is given by 

(a) mgx (sin Q+ p cos 6) 

(b) mgx sin 6 

(c) mgx (sin 6- p cos 0) 

(d) p mgx cos 6 

3. A pendulum has a length /. Its bob is pulled aside 
from its equilibrium position through an angle a and 
then released. The speed of the bob when it passes 
through the equilibrium position is given by 

(a) J2gl (b) Jlgi cos a 

(c) yj2gl(\ - cos a) (d) yj2gl(\ - sin a) 

4. A small ball is pushed from a height h along a smooth 
hemispherical bowl. With what speed should the 
ball be pushed so that it just reaches the top of the 
opposite end of the bowl? The height of the top of 
the bowl is R. 

(a) yjlgh (b) yJlgR 

(c) V2 g{R + h) (d) V2 g(R-h) 

5. Two particles of masses m and 4m have linear 
momenta in the ratio of 2 : 1. What is the ratio of 
their kinetic energies? 

(a) 72 (b) 2 

(c) 4 (d) 16 

6. Two particles of masses m and 4m have kinetic 
energies in the ratio of 2:1. What is the ratio of their 
linear momenta? 


7. A moving bullet hits a solid target resting on a 
frictionless surface and gets embedded in it. What is 
conserved in this process? 

(a) momentum and kinetic energy 

(b) kinetic energy alone 

(c) momentum alone 

(d) neither momentum nor kinetic energy 

8 . A bullet is fired from a rifle which recoils after firing. 
The ratio of the kinetic energy of the rifle to that of 
the bullet is 

(a) zero (b) one 

(c) less than one (d) more than one 

9. A bullet is fired at a plank of w ood with a speed of 
200 ms *. After passing through the plank, its speed 
reduces to 180 ms -1 . Another bullet, of the same 
mass and size but moving with a speed of 100 ms 1 
is fired at the same plank. What would be the speed 
of this bullet after passing through the plank? Assume 
that the resistance offered by the plank is the same for 
both the bullets? 

(a) 48 ms -1 (b) 49 ms' 1 

(c) 50 ms 1 (d) 51 ms 1 

10. A particle of mass m has half the kinetic energy 
of another particle of mass m/2. If the speed of 
the heavier particle is increased by 2 ms -1 , its new 
kinetic energy equals the original kinetic energy of 
the lighter particle. The ratio of the original speeds of 
the lighter and heavier particles is 

(a) 1:1 (b) 1:2 

(c) 1 :3 (d) 1 :4 

11. In Q. 10, what is the original speed of the heavier 
particle? 

(a) 2 ( 1 + 71 ) ms 1 

(b) 2(1 — 72 ) ms" 1 

(c) (2 72 + 1) ms" 1 

(d) (2 72 - 1) ms" 1 



<b»i 


(d) — 
16 


12. Two identical cylindrical vessels, with their bases at 
the same level, each contains a liquid of density p. 
The height of the liquid in one vessel is /?, and that 
in the other is h 2 . The area of either base is A. What 
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is the work done by gravity in equalizing the levels 
when the vessels are interconnected? 


(a) Apg{h l -h 2 y 


(b) Apg (/?, + hj 


(c) Apg 


(h l -h 2 \ 


(d) Apg 


( h, + th 


13. The bob of a pendulum is released from a horizontal 
position A as shown in Fig. 4.18. The length of the 
pendulum is 2 m. If 10% of the initial energy of the 
bob is dissipated as heat due to the friction of air, 
what would be the speed of the bob when it reaches 
the lowermost point B ? Take g = 10 ms . 



(a) 3 ms (b) 4 ms 

(c) 5 ms -1 (d) 6 ms" 1 

14. A wooden block of mass 0.9 kg is suspended from 
the ceiling of a room by thin wires. A bullet of mass 
0.1 kg moving horizontally with a speed of 10 ms 1 
strikes the block and sticks to it. What is the height 

—9 

to which the block rises? Take g = 10 ms . 

(a) 2.5 m (b) 5.0 m 

(c) 7.5 m (d) 10.0 m 

15. In Q. 14, what is the loss in kinetic energy of the 
system due to impact? 

(a) 450 J (b) 400 J 

(c) 350 J (d) 300 J 

16. Two identical balls marked 2 and 3, in contact with 
each other and at rest on a horizontal frictionless 
table, are hit head-on by another identical ball 
marked 1 moving initially with a speed v as shown in 
Fig. 4.19. What is observed, if the collision is elastic? 

2 3 

A 

—► V 






Fig. 4.19 


(a) Ball 1 comes 
with speed ^ 

(b) Balls I and 2 
with speed v. 

(c) Balls 1,2 and 

(d) Balls 1,2 and 


to rest and balls 2 and 3 roll out 
each. 

come to rest and ball 3 rolls out 

v 

3 roll out with speed — each. 

3 come to rest. 


17. The bob A of a pendulum released from a height h 
hits head-on another bob B of the same mass of an 
identical pendulum initially at rest. What is the result 
of this collision? Assume the collision to be elastic 
(see Fig. 4.20). 



B 

Fig. 4.20 


(a) Bob A comes to rest at B and bob B moves to the 
left attaining a maximum height /?. 

(b) Bobs A and B both move to the left, each attain- 

, . , h 

ing a maximum height — . 

(c) Bob B moves to the left and bob A moves to the 
right, each attaining a maximum height ^ . 

(d) Both bobs come to rest. 

1 8. A steel ball falls from a height h on a floor for which 
the coefficient of restitution is e. The height attained 
by the ball after two rebounds is 

(a) eh (b) e 2 h 

(c) e 3 /? (d) e 4 h 

19. Two balls marked 1 and 2 of the same mass m and 
a third ball marked 3 of mass M are arranged over 
a smooth horizontal surface as shown in Fig. 4.21. 
Ball 1 moves with a velocity v l towards balls 2 and 
3. All collisions arc assumed to be clastic. If M< m y 
the number of collisions between the balls will be 
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(a) one 
(c) three 


(b) two 
(d) four 



Fig. 4.21 

20. In Q. 19, if M> m , the number of collisions between 
the balls will be 

(a) one (b) two 

(c) three (d) four 

21. The distance x moved by a body of mass 0.5 kg by a 
force varies with time t as 

x = 3t 2 + 4/ + 5 

where x is expressed in metre and t in second. What 
is the work done by the force in the first 2 seconds? 

(a) 25 J (b) 50 J 

(c) 75 J (d) 100 J 

22. A body of mass m is dropped from a height h above 
the ground. The velocity v of the body when it has 
lost half its initial potential energy is given by 


26. A body of mass m moving with a speed v suffers a 
perfectly inelastic collision with another body of M 
at rest. The speed of the composite body will be 



(m + M \ 
V m ) 


v 



f m \ 
K m + M j 


v 


r _M_\ 
v Hi + M J 


v 



27. In 0- 26, the ratio of the final kinetic energy of the 
system to the initial kinetic energy is 


(a) 

m 

(b) 

M 

m + M 

m + M 

(c) 

m + M 

(d) 

m + M 

m 

M 


28. A ball of mass m moving horizontally at a speed v 
collides with the bob of a simple pendulum at rest. 
The mass of the bob is also m. If the collision is 
perfectly inelastic, the height to which the two balls 
rise after the collision will be given by 




(a) u= sfgh 
\gh 

(c)p= 


(b) v= yjlgh 
(d) V= 2sfgh 


23. A body of mass m is thrown vertically upwards with 
a velocity v. The height h at which the kinetic energy 
of the body is half its initial value is given by 


(a) h= — 
g 
2 


(c) h = 


v 


3 g 


(b) h = 


(d) h = 


V 


2g 


V‘ 


4 g 


24. A car of mass m moving at a speed v is stopped in a 
distance x by the friction between the tyres and the 
road. If the kinetic energy of the car is doubled, its 
stopping distance will be 

(a) 8x (b) 4x 

(c) 2x (d) x 


25 . 


A body of mass m is dropped from a certain height. 
It has a velocity v when it is at a height h above the 
ground. Which of the following will remain constant 
during the free fall? 


(a) v 2 - 2gh 


(c) v + 



(b) v 2 - 2gh 
(d) v- 2yjgh 




29. In 0- 28, the ratio of the kinetic energy of the system 
immediately after the collision to that before the 
collision will be 

(a) 1:1 (b) 1:2 

(c) 1:3 (d) 1 :4 

30. In Q.28, if the collision is perfectly elastic, the bob 
of the pendulum will rise to a height of 






31. A body of mass m, moving at a constant speed 
undergoes an clastic collision with a body of mass 
m 2 initially at rest. The ratio of the kinetic energy 
of mass m ] after the collision to that before the 
collision is 


(a) 


(c) 


/ //7j - m 2 


w, + m 2 ) 
2/77, 




/77 j + m 2 ) 


(b) 


(d) 


t 


777, + 777 2 


\ 2 


V W\ - ”h J 

( 2 777-, Y 

K 777, + 777 2 ; 
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h 



(c) 1000 Nm 1 (d) 1200 Nm 1 

46. A block of wood of mass M is suspended by means of 
a thread. A bullet of mass m is fired horizontally into 
the block with a velocity v. As a result of the impact, 
the bullet is embedded in the block. The block will 
rise to vertical height given by 


(a) 

1 

( mv ^ 

(b) 

1 

( mv V 

2 g 

\ M + m) 

2 g 

\M - 111 ; 

(c) 

1 

mv 2 

(d) 

1 

mv 2 

2 g ( M + m) 

2 g (M — m) 


47. A moving particle of mass in makes a head-on 
collision with a particle of mass 2 m initially at rest. 
If the collision is perfectly elastic, the percentage 
loss of energy of the colliding particle is 

(a) 50% (b) 66.7% 

(c) 88.9% (d) 100% 


48. A body of mass m moving with a velocity v in the 
^-direction collides with a body of mass M moving 
with a velocity V in the ^-direction. They stick 
together during collision. Then 


(a) 

(b) 

(c) 


the magnitude of the momentum of the compos¬ 
ite body is yj(mv 2 ) + (MV) 2 
the composite body moves in a direction making 


a angle 0 = tan 


MV > 
mv ) 


with the x-axis. 


the loss of kinetic energy as a result of collision 


is 


1 Mm 

2 (M + m) 


(V 2 + v 2 ) 


(d) all the above choices are correct. 


49. A body of mass 2 kg moving with a velocity 
(i + 2 j - 3k) ms 1 collides with another body of 
mass 3 kg moving with a velocity (2i + j + k) ms '. 
If they stick together, the velocity in ms 1 of the 
composite body is 


(a) i(8i + 7j-3k) 
(c) 1(81 +j-k) 


(b ) I(-4i + j-3k) 
(d) — (—4i + 7j - 3k) 


50. A body of mass 2 kg has an initial velocity v, = (i + j) 
ms '. After collision with another body its velocity 
becomes \y = (5i + 6j + k) ms’ 1 . If the impact time 
is 0.02 s, the average force of impact on the body (in 
newton) is 


(a) 50 (4i + 5j + k) 
(c) 100 (4i + 5j-k) 


/ * A A\ 

(b) 50 (4i-5j-k) 
(d) 100 (4i + 5j + k) 


51. A body falls from a height h on a horizontal surface 
and rebounds. Then it falls again, and again rebounds 

and so on. If the restitution coefficient is - , the total 

3 

distance covered by the body before it comes to rest 


is 


h 

, 5/7 

7 

(b) — 

4 

4 

(c) 2 h 

(d) 3/; 


52. In Q. 51 above, the total time taken by the body to 
come to rest is 






53. A body P strikes another body O of mass that is p 
times that of body P and moving with a velocity that 

is — of the velocity of bodv P. If bodv P comes to 
<7 

rest, the coefficient of restitution is 


(a) 

p + q 

(b) 

p-q 

p-q 


(c) 

p-q 

(d) 

p + q 

q{p-1 ) 
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54. Two equal spheres^ and B lie on a smooth horizontal 
circular groove at opposite ends of a diameter. Sphere 
A is projected along the groove and at the end of time 
T impinges on sphere B. If e is the coefficient of 
restitution, the second impact will occur after a time 
equal to 

(a) T (b) eT 

IT 

(c) — (d) 2 eT 

e 

55. Two masses M and m (with M > m) are connected by 
means of a pulley as shown in Fig. 4.23. The system 
is released. At the instant when mass M has fallen 
through a distance /?, the velocity of mass m will be 




Fig. 4.23 


(a) 

sjlgh 

(b) 

(c) 

\2gh {M - m) 

4 1 , _ _ 

(d) 

\ (M + m) 


2gh M 
\ m 


l2g/? (M + m) 
\ (M - m) 


56. A mass m, lying on a horizontal frictionless surface 
is connected to mass M as shown in Fig. 4.24. The 
system is now released. The velocity of mass m when 
mass M as descended a distance h is 



(c) (d) 
v (M + m) 


57. An escalator is moving downwards with a uniform 
speed n. A man of mass m is running upwards on it at 
a uniform speed v. If the height of the escalator is /?, 
the work done by the man in going up the escalator 
is 


(a) zero 

mghu 
(c) 


(v - u) 


(b) mgh 

( d) ^ 

(v-u) 


58. A uniform rope of length L is lying in a lump on a 
frictionless table. A small part of the rope is held 
hanging through a hole in the table just below the 
lump. The system is then released. The speed of the 
end of the rope as it leaves the hole is 


(a) N /2gZ 




(d) zero 


59. The potential energy (in joule) of a body of mass 
2 kg moving in the x-y plane is given by 


U = 6 .y + 8 y 

where the position coordinates x and y are 
measured in metre. If the body is at rest at point 
(6 m, 4 m) at time t = 0, it will cross the >’-axis at 
time 1 equal to 

(a) 1 s (b) 2 s 

(c) 3 s (d) 4 s 

60. In Q. 59 above, the speed of the body when it crosses 
thc^v-axis is 

(a) zero (b) 5 ms -1 

(c) 10 ms -1 (d) 20 ms" 1 


61. A bullet of mass m is fired horizontally with a velocity 
v on a wooden block of mass M suspended from a 
support and gets embedded in it. The kinetic energy 
of the bullet + block system is 


(a) — mv 2 
2 



Mmv 2 
2{M + m) 


(b) — (A/ + m)v 2 
2 


(d) 


2 2 
m~v~ 


2 (M + m) 


62. A rubber ball is dropped from a height of 5 m on a 
planet where the acceleration due to gravity is not 
known. On bouncing it rises to 1.8 m. The ball loses 
its velocity on bouncing by a factor of 


(c) ! 



Copyrighted material 






4.22 Complete Physics—JEE Main 


63. An isolated particle of mass m is moving in a 
horizontal plane (x -y ), along the x-axis, at a certain 
height above the ground. It suddenly explodes into 
two fragments of masses m/4 and 3m/4. An instant 
later, the smaller fragment is at y = + 15 cm. The 
larger fragment at this instant is at 

(a) y = - 5 cm (b) y = + 20 cm 

(c) y = + 5 cm (d) y = - 20 cm 

64. If W |, W 2 and W 3 represent the work done in moving 
a particle from A to B along three different paths 1,2 
and 3 (as shown in Fig. 4.25) in the gravitational field 
of a point mass m, find the correct relation between 
W u W 2 and W y 



A 

Fig. 4.25 


(a) W x > W 3 > W 2 (b) W 1 = W 2 = W 3 

(c) W x < W 3 < W 2 (d) W x < W 2 < W 3 

65. A particle, which is constrained to move along the 
x-axis, is subjected to a force in the same direction 
which varies with the distance x of the particle from 
the origin as F(x) = - kx + ax\ Here k and a are 
positive constants. For x > 0, the functional form 
of the potential energy U(x) of the particle is (see 
Fig. 4.26) 






Fig. 4.26 


66 . A body of mass 6 kg is acted upon by a force which 

... r 

causes a displacement in it given by x = — metre 

4 

where t is the time in second. The work done by the 
force is 2 seconds is 


(a) 12 J (b) 9 J 

(c) 6 J (d) 3 J 

67. A ladder 2.5 m long and of weight 150 N has its 
centre of mass 1 m from its bottom. A weight of 40 N 
is attached to the top end. The work required to raise 
the ladder from the horizontal position to the vertical 
position is 

(a) 190 J (b) 250 J 

(c) 285 J (d) 475 J 

68 . A body of mass 5 kg rests on a rough horizontal 
surface of coefficient of friction 0.2. The body is 
pulled through a distance of 10 m by a horizontal 
force of 25 N. The kinetic energy acquired by it is 
(take g = 10 ms 2 ) 

(a) 200 J (b) 150 J 

(c) 100J (d) 50 J 

69. A body is moving up an inclined plane of angle 6 
with an initial kinetic energy E. The coefficient of 
friction between the plane and the body is p. The 
work done against friction before the body comes to 
rest is: 



p cos 6 
EcosO + sin# 


(b) pE cos # 



pE cos# 
p cos 0 - sin 0 



pE cos# 
p cos 6 + sin# 


70. A particle falls from a height h on a fixed horizontal 
plate and rebounds. Ife is the coefficient of restitution, 
the total distance travelled by the particle before it 
stops rebounding is 
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(a) 

h( l + e 2 ) 

0-e 2 ) 


(b) 

h(l-e 2 ) 

0 + e 2 ) 

(c) 

h(\ — e 1 ) 
2(1 + e 2 ) 


(d) 

h( 1+ e 2 ) 

2(1 - e 2 ) 

»/ 

<0-' 

Answers 



1. (C) 

2. 

(a) 

3. (c) 

4. (d) 

5. (d) 

6. 

(a) 

7. (c) 

8. (c) 

9. (b) 

10. 

(b) 

11. (a) 

12. (c) 

13. (d) 

14. 

(b) 

15. (a) 

16. (b) 

17. (a) 

18. 

(d) 

19. (b) 

20. (c) 

21. (c) 

22. 

(a) 

23. (d) 

24. (c) 

25. (a) 

26. 

(b) 

27. (a) 

28. (d) 

29. (b) 

30. 

(b) 

31. (a) 

32. (d) 

33. (b) 

34. 

(c) 

35. (c) 

36. (c) 

37. (b) 

38. 

(a) 

39. (b) 

40. (c) 

41. (a) 

42. 

(a) 

43. (a) 

44. (d) 

45. (c) 

46. 

(a) 

47. (c) 

48. (d) 

49. (a) 

50. 

(d) 

51. (b) 

52. (b) 

53. (d) 

54. 

(c) 

55. (c) 

56. (a) 

57. (d) 

58. 

(b) 

59. (b) 

60. (c) 

61. (d) 

62. 

(b) 

63. (a) 

64. (b) 

65. (d) 

66. 

(d) 

67. (b) 

68. (b) 

69. (d) 

70. 

(a) 





Solutions 


1. Mass of the drop m = volume x density of water = 
r'p , where p is the density of water. Work done 


4 n 3 


by gravitational force is 


W = mgh = -^-r 3 pgh 


Thus W oc r 3 . Hence the correct choice is (c). 

2. Since the block is moved up the incline, the force 
applied on it has to overcome the component 
mg sin 0 of its weight mg acting down the plane and 
the force of friction ping cos 0 also acting down the 
plane. Thus 


F - mg sin 9 + pmg cos 0 


.*. Work done W= Fx = mgx (sin 0 + p cos 0). Hence 
the correct choice is (a). 

3. As shown in Fig. 4.27, the height attained by the bob 
when the string subtends an angle a with the vertical 
is 

h = / - / cos a= l (1 - cos a) 



Its potential energy at the highest point A = mgh , 
where m is the mass of the bob. Let v be the speed of 
the bob when it passes through O. Its kinetic energy 

at 0= ^ mv~. From the principle of conservation of 

energy, we have 

^ mv 2 = mgh 

or v = yj2gh = y/2gl(\ - cos a) 

Hence the correct choice is (c). 

4. From the principle of conservation of energy, we 
have 

^ mv 2 + mgh = 0 + mgR 

which gives v = ^2g(R - h ). Hence the correct 
choice is (d). 

5. Given p { = m ] v l = 2 p and p 2 = tn 2 v 2 = p , so that 


m \ v \ 
m 2 v 2 



The ratio of their kinetic energies is 


1 2 
(KE), _ 2 m ' V ' 

2 ! - 


m 2 v 2 m 2 
2 2 

m 2 v 2 rri\ 
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But 


. , W\V X 

m 2 = 4/77, and - = 


= 2. Therefore, 


m 2 v 2 


(KE), _ 


(KE) ; 


= (2) x 4 = 16 


Hence the correct choice is (d). 

6. Given (KE) X = ^ tn x v\ = 2 K 

1 

and (KE) 2 = — m 2 v i = K, so that 
2 


m \ v \ 
m 2 v 2 

^i 2 ^ 2 

2 2 
/77 2 I7 2 



= \h = ~tZ ('** ,W 2 = 4w l) 


Hence the correct choice is (a) 

7. The correct choice is (c). 

8. Let A/be the mass of the rifle and m that of the bullet 
and let Land v be their respective speeds. From the 
principle of conservation of momentum, we have 
MV - mv. The ratio of their kinetic energies is 


- mv 2 
2 


MV 2 _ (MV) 2 rn__m_ 
mv 2 (mv) 2 M M 


Since m < M, K r < K b . Hence the correct choice 
is (c). 

9. Let m be the mass of each bullet. Since the resistance 
offered by the plank is the same for the two bullets, 
the amount of work done by the plank is the same 
for the two bullets. From work-energy principle, the 
decrease in the kinetic energy is the same for the two 
bullets. 

Decrease in KE of first bullet = — mu] - — mv] 

2 2 

= - m(200) 2 - - w(180) 2 (i) 

2 2 

If v 2 is the speed of the second bullet after passing 
through the plank, then 

1 2 1 2 

Decrease in KE of second bullet = — mu-> - — mv ; 

1 2 1 2 2 ~ 2 

= — m( 1 ()())""- mvi (ii) 

2 2 

Equating (i) and (ii) we have, 


- m( 200) 2 - - m (180) 2 = - /n(100) 2 - - mv* 

2 2 2 2 

which gives v 2 = 2400 or v = 49 ms 

Hence the correct choice is (b). 

10. Let v and v' be the original speeds of the heavier and 
the lighter particles respectively. We then have 


1 2 

- mv 
2 


- Hi(?M 


v 2 = — v' 2 


v' = 2u 


Hence the correct choice is (b). 

11. When the heavier particle is speeded up by 2.0 ms \ 

its kinetic energy becomes — m(v + 2 ) 2 . Since this 
equals the original kinetic energy of the lighter 
particle, we have 

^ m(v + 2) 2 = ^ (m!2)(4v 2 ) 

v 2 + 4 + 4v = 2v 2 
or v 2 - 4v - 4 = 0 

„ = 4±Vi6TT6 ^4±2j| = 2 + 2 ^ 

2 2 

The positive root is v = 2 + 2^2 =2(1 + V2 ). Hence 
the correct choice is (a). 

12. The work done by gravity equals the change in the 
potential energy of the system after the vessels arc 
interconnected. We may regard the liquid in each 
vessel as equivalent to a point mass kept at their 
respective centres of mass. Remembering that the 
mass of the liquid is given by (Ahp) and that the PE 
of a mass at a height h in earth’s gravity is mgh, we 
have 


Total PE at start = (A/7,p)g — + (A/7 2 p)g — 

2 2 


_ Apg 


(h\ + h\) 


After the vessels arc connected, the height of liquid 
in each vessel is (/?, + h 2 )/2. 

Hence PE after connection 


= \Ap 


h { +h 2 


h \ + /?2 
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= ( A , + // 2 ) 2 

4 

Change in PE = {(/?, + /j,) 2 - 2(h\ + h\)} 


4 

= A PS 

4 

- A p S 


(h x -h 2 y 
h\ - h) 


This must be equal to the work done v by’ gravity on the 
liquid. Thus the work done 4 by’ gravity is 


*Pg 


h { - h 2 


Hence the correct choice is (c). 

13. PE at A = mgh. Since 10% of this energy is lost, 

90 

KE at point B = mgh x - = 0.9 mgh. Therefore, 


100 


^ mv z = 0.9 mgh 


or 


> 2 = 

,2 _ 


17 Z = 1.8 gh = 1.8 x 10x2 = 36 

which gives v = 6 ms Hence the correct choice 
is (d). 

14. Mass of block (M) = 0.9 kg, mass of bullet (m) = 0.1 
kg, initial velocity of bullet ( u ) = 100 ms -1 and initial 
velocity of block (U) = 0. 

Momentum of bullet and block before impact = 
mu + MU = mu. Let v be the velocity of the bullet + 
block after impact. Then, the momentum after impact 
= (m + M)v. From the principle of conservation of 
momentum, we have 

mu = (m + M)v 

0.1x100 


mu 


or 


v = 


(M + m) (0.9+ 0.1) 


1 


= 10 ms 


l 


KE of bullet - block = — (m + M)v 4 


(0 


Let the bullet + block system rise to a height h. At 
this height, 


PE of bullet + block = (m - M) gh 


00 


Equating (i) and (ii), we get 

h = V 2 ( ]Q ) 2 


= 5 m 


2 g 2x10 

Hence the correct choice is (b). 
1 , 

15. Initial KE = — mu 1 

2 

Final KE = — (m + M)v~ 

2 


1 , 1 

Loss in KE = — mu — (m - M)v 
2 2 

= - xO.l x (100) 2 - 
2 

- (0.1 + 0.9) x (10) 2 

= 450 J 

Hence the correct choice is (a). 

16. The system consists of three identical balls marked 
1,2 and 3. Let m be the mass of each ball. Before the 
collision, 

KE of the system = KE of 1 + KE of 2 + KE of 3 

1 1 

= — mv + 0 + 0 = — mv 


Case (a) After the collision, 

KE of the system = KE of 1 + KE of 2 + KE of 3 

. 0 + i m (l) + i„(d 

1 2 

= - mv 

4 

Case (b) 

KE of the system = KE of 1 + KE of 2 + KE of 3 

= 0 + 0 + — mv 2 = — mv 2 
2 2 


Case (c) 

KE of the system 


KE of 1 + KE of 2 + KE of 3 

An \~ 1 /_.\2 


1 

= — m 


2 V3 


v 1 (v . 

- + -m - + 


1 

— m 
2 


r v\ 2 


v3 


1 2 

- mv 
6 


Case (ci) 

KE of the system = 0 

Now, in an elastic collision, the kinetic energy of the 
system remains unchanged. Hence choice (b) is the 
only possible result of the collision. 

17. Suppose the bob A acquires a velocity v on reaching 
the bob B . In a head-on elastic collision between 
two bodies of the same mass when one of them is at 
rest, the velocities are exchanged after the collision. 
Hence the bob A will come to rest at the lowermost 
position (occupied by B before collision) and the bob 
B will move to the left attaining a maximum height 
h. Hence the correct choice is (a). 
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18. The velocity attained after a fall through a height h 
is given by 

v 2 = 2gh 

Thus h v 2 . The velocity after first rebound 

is ev. Therefore, the height attained after first 
rebound = e 2 h. Velocity after second rebound 
is e~v. Hence the height attained after second 
rebound is e 4 h. Thus the correct choice is (d). 

19. The first collision will be between balls 1 and 2. 
Since both have the same mass, after the collision 
ball 1 will come to rest and ball 2 will move with 
speed v x . This ball will collide with the stationary 
ball 3. After this second collision, let v 2 and v 3 be 
the speeds of balls 2 and 3 respectively. Since the 
collisions are elastic, v 2 and i> 3 are given by 


and 


»2 = 


Vi = 


m 


- M\ 


m + M 
2 m 


\m + M) 


Vs 


Vs 


(0 


(ii) 


If M < m, it follows from (i) and (ii) that v 2 < i> 3 
and both have the same direction. Therefore, ball 2 
cannot collide with ball 3 again. Hence there are only 
two collisions. Thus, the correct choice is (b). 

20. If M > /??, we have from Eq. (i) 

( M — /w x 

IA= -I 


M + m 


v , 


The negative sign indicates that, after the second 
collision, ball 2 will move in opposite direction 
towards the ball 1 which is at rest after the first 
collision. Therefore, ball 2 will make another 
collision with ball 1. 

Hence, in this case, there are three collisions in all 
between the balls. Thus the correct choice is (c). 

21. Velocity (v) = — = — (3 1 2 + 4t + 5) = 6 1 + 4. 

dt dt 


Acceleration is a = 


dv d ^ ^ , _ 2 
— = — (6/ + 4) = 6 ms . 
dt dt 


Therefore, applied force is F= ma - 0.5 x 6 = 3 N. Now 
/ = 2s, the distance moved is x = 3 x (2) 2 + 4x2 + 5 
= 25 m (v u = 4ms 1 and x = 5 m at t = 0) 

/. Work done W = Fx = 3 x 25 = 75 J. Hence the 
correct choice is (c). 

22. Initial PE = mgh. Now, gain in KE = loss in PE. Thus 

1 2 1 , 

— mv = — mgh 

2 2 

or v = yfgh 

Hence the correct choice is (a). 


KE = — mv 2 . Now, gain in PE = loss in KE. 

mgh = — mv 2 
4 

2 

or h = — 

4g 

Hence the correct choice is (d). 

24. If a is the deceleration due to the force of friction/ 
then 

2 ax - v 2 

1 2 

or — mv = max 
2 

or KE = fx (v /= ma) 

Thus if KE is doubled, x is also doubled. Hence the 
correct choice is (c). 

25. The total energy = KE + PE remains constant during 
the free fall, i.c. 

, 1 2 

mgh + — mv = constant 
v 2 

or gh + — = constant 

2 


23. Initial 
Thus 


Hence the correct choice is (a). 

26. Initial momentum of the system = mv, since body 
of mass M is at rest. After the inelastic collision, the 
bodies stick together and the mass of the composite 
body is (m + V/). If V is the speed of the composite 
body, its momentum will be (m + M)V. From the 
principle of conservation of momentum, we have 


mv = (m + M)V 


or 


V = 


m 


m + M 


v 


Hence the correct choice is (b). 

27. Initial KE = - mv 2 . Final KE = - (m + A/)F 2 . 

2 2 

Therefore, 


Final KE _ ( m + M\V 2 _ m 
Initial KE V m )v 2 m+M 


Hence the correct choice is (a). 

28. In a perfectly inelastic collision, two bodies stick 
together. After the collision, the speed of the ball 
and the bob (sticking together) is v ' = v/2. The 
height to which they will rise is given by 
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or 


h' = 


v 


fi 


v 2 


2 g 8 g 

Hence the correct choice is (d). 

29. Mass of the ball and the bob sticking together is in' = 

1 1 '2 

2/77. KE after collision = — m' v' 2 = — x 2m x — 

2 2 \2 

1 1 2 

= — mV. KE betore collision = — mV. 1 herefore, 

4 2 

their ratio is 1:2. Hence the correct choice is (b). 

30. In an elastic collision between two bodies of the 
same mass with one of them initially at rest, the 
moving body is brought to rest and the other moves 
with the same speed. Thus the ball will come to rest 
and the bob of the pendulum acquires a speed v. At 
this speed, it will rise to height h given by /? = v~/2g. 
Hence the correct choice is (b). 

31. Let //, be the speed of mass m x before the collision. 
Here u 2 = 0. Therefore, the speeds of masses ///, and 
/??2 after the collision respectively are 


and 


iq = 


v, = 


( 


m \ ~ m : 

777j + 77 ? 2 J 

2/77j 

777. + 777 7 




V "M 


77, 


77, 


2 J 


1 


.*. KE of 777, after collision = ^ m { v] = 


1 


— 777 


/ \ 2 

' 777, - 777 2 

777, + 777 2 , 


77 ]. KE of 7/7, before collision = 


— 777, 7 /f. The ratio of the two is 
2 

Hence the correct choice is (a). 


1 


777, - 777-> 
777, + 777 2 


* 0 

32. KE of 777 2 after collision = — m 2 v 2 = 

2 . 

\2 

2 


1 


— 777 


2/77, 


7/ 


777, + 777 2 7 


KE of 777, after collision = — m y v\ = 


1 

777 

2 


/ \ 2 

' 777, - 777 2 

777, + 777 2 , 


l" 1 


2 

7/,. Dividing the two, we find 


that the correct choice is (d). 

33. Since the collision is clastic, both momentum and 
kinetic energy are conserved. If /?? is mass of ball 
Q and v' its speed after the collision, the law of 
conservation of momentum gives 

2i; = 2 x — + mv' 

4 

where v is the original speed of ball P. Thus 


, 3y , 3v 

mv = — or v = — 

2 2m 

The law of conservation of energy gives 

1 „ 2 1 „ M 2 1 ,2 

- x2xd“= - x 2 x - + - mv 

2 2 \4/ 2 


(i) 


or 


mv' 2 = 


\5v‘ 

8 


(ii) 


Using (i) in (ii) we get m = 1.2 kg. Hence the correct 
choice is (b). 

34. Refer to Fig. 4.28. 


y 

A 


v sin 6 , 



Fig. 4.28 

Taking the components of the velocities along 
x and y -axes and using the law of conservation of 
momentum for x and y components we have 

mu = mv cos 0, + mv cos 0 2 (i) 

and 0 = mv sin 0, - mv sin 6 ? (ii) 

From (ii) we get sin 6 X = sin 0 2 or 0, = 0 2 . Using 
0, = 0 2 = 6 in (i) we have 

7777/ = 2 mv cos 0 


or cos 6 = 


u 

2v 


(hi) 


Since the collision is elastic, kinetic energy is also 
conserved, i.e. 


or 


1 i 1 2,1 2 

7777/ = — mv + — mv 

2 2 2 

7/ 2 = 2v 2 or U = yflv 


(iv) 


1 


Using (iv) and (iii) we have cos 6 = —j= or 0- 45°. 

v2 

Thus 0, + 0 2 = 26 = 90°. Hence the correct choice 
is (c). 
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35. Refer to Fig. 4.28 again. Let v, be the velocity of the 
ball moving along direction Q ] and v 2 be the velocity 
of the ball moving along 0 2 . 

From momentum conservation, 

mU = /77V , + /77V 2 

=> U = V J + v 2 

The magnitude of u is 

it = ft/, 2 + v\ + 2v l v 2 cos (0, + 0 2 )]' ** 

(0 

Since kinetic energy is also conversed, 

1 2 1 2 1 2 

— mu = —mv . H— mv-, 

2 2 2 

=> u 2 = v 2 + v\ (ii) 

Using (ii) in (i) we have 

V \ + V 2 = V \ + V 2 + ^ V \ V 2 COS(0, + 0 2 ) 

=> cos(0, + e 2 ) = o => e, + e 2 = 90° 

_, ^ civ . P . 

36. Power P = Fv = mew = m - v or v civ = — at. 

cit m 


Integrating, we have 

P_ 
m 


f vdv = — [ dt 


(v P = constant) 


17' 


or 


or 


or 


or 


Pt 


m 


v = 


dx 

dt 


IP 


m 


2 P 


m 


M2 


Mi 


dx = J— t' 12 dt 


m 


Integrating again, we have 


jdx = Mj ,' /2 

J V /?7 ^ 


2 2 P 


or 


x = — 
3 


m 


dt 


,3/2 


i.e. .y oc t . Hence the correct choice is (c). 

37. Let v be the speed of the bullet incident on the first 
plank. Its speed after it passes the plank = — . If x 

is the thickness of the plank, the deceleration a due 
to the resistance of the plank is given by 


lax = v 2 



1 9l7 2 

100 



Suppose the bullet is stopped after passing through n 
such planks. Then the distance covered by the bullet 
is s = nx. Thus, we have 

- 0 = las = 2anx 


or 


n = 



lax 


v 2 xlOO 
\9v 2 


[use Eq. (i) above] 


100 

19 


5.26 


Thus the minimum number of planks required is 6. 
Hence the correct choice is (b). 

38. Let u ems 1 be the speed of the bullet. Since the 
mass of the bullet remains unchanged, its speed 

becomes v = ~~ ems 1 after it penetrates a distance 


jc = 3.5 cm. The retardation a due to the resistance of 
the wooden is given by 


or 




= 2 ax 



= 2a x 3.5 


14 

which gives a = — ems . The bullet will come to 

16 

rest when its velocity v' = 0. If x' is the thickness 
penetrated by the bullet, then 

u 2 -17 /2 = 2ax 

u 2 u 2 

or x' = —. But a = — ems 2 . Therefore 

2 a 16 



u 2 x 16 


= 8 cm 


Hence the correct choice is (a). 

39. Since the wood offers a constant deceleration and 
hence a constant retardation force, the bullet will 
lose the remaining 75% of its kinetic energy after 
penetrating a further distance of 3 .y. Therefore, the 
total distance penetrated by the bullet before it comes 
to rest = x + 3.Y = Ax. Hence the correct choice is (b). 

40. The potential energy in the vertical position = work 
done in raising it from horizontal position to vertical 
position. In doing so, the mid-point of the rod is 
raised through a height h = U2. Since the entire mass 
of the rod can be assumed to be concentrated at the 
mid-point (centre of mass), the work done = mgh = 
mg//2. Hence the correct choice is (c). 
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41. Refer to Fig. 4.29. AD = AB = /. In the inclined 
position, let the centre of mass C of the rod be at 
a height h above the ground, so that AC = 111. In 
triangle ACE , we have 

h = AC sin 30° = - sin 30° = - 

2 4 

mgl 

PE = mgh = -, which is choice (a). 


D 



B 


Fig. 4.29 

42. Let/be the force of friction and m be the mass of the 
body. The retardation a =Jlm. If v is the initial speed 
of the body, then 

lax = v 2 

1 2 I 

or max = — mv = k 

2 

But ma = / Therefore fx = k or/= klx . Hence the 
correct choice is (a). 

43. Force of friction = pmg. Therefore, retardation a = 
pmg/m = fig. Also lax = v 2 or lanrx = nrv 2 . But 
p = mv. Therefore, 

2 am 2 x = p 2 

-> p 2 

But a = pg. Therefore, 2 pg m x = p or p = -— . 

2gm l x 

Hence the correct choice is (a). 


44. The mass per unit length of the chain m = 


M 


The mass of the hanging portion of the chain is 

, mL t s t 

m = -. This mass can be assumed to be 

n 

concentrated at the centre of the hanging portion of 

L 

the chain which is a distance of x = — from the edge 

In 

of the table. Therefore, the work done in pulling the 
hanging portion of the chain on to the table top is 


, mL L mgl} MgL 
W= m gx= - xgx- =—-r = —r 


n 


In 2n 2 In 2 


Hence the correct choice is (d). 

45. Since the platform is depressed by an amount x, the 
total work done on the spring is mg (h +x). This work 
is stored in the spring in the form of potential energy 

— kx 2 . Equating the two, we have 
— kx = mg (h + x) 


or 


k= 2m g(h + x) 


_ 

Given, h - 0.4 m, x = 0.1 m, m - 1 kg and g = 10 ms ". 
Substituting these values, we get k = 1000 Nm '. 
Hence the correct choice is (c). 

46. Let V be the velocity of the block with the bullet 
embedded in it at the time of impact. Then from the 
principle of conservation of momentum, we have 

mv = (M + m) V 


or 


V = 


mv 


(M + m) 


(0 


If the block, with the bullet embedded in it, rises 
to a vertical height h, then from the principle of 
conservation of energy, we have 


— (M + m) V 2 = (M + m) gh 

or V- yj2gh 

Using (ii) in (i), we get 

mv 


(ii) 


yf2gh = 


(M + m) 


Squaring this equation, we find that h is given 
correctly by choice (a). 

4m M 

47. Percentage loss of energy = -- x 100 


(M + /??)" 

4m x 2m 
(2/77 + m ) 2 

800 


x 100 


= 88.9% 

9 

Hence the correct choice is (c). 

48. Refer to Fig. 4.30. Here p = mv and P = MV. The 
resultant of p and P is 


p = \]p 2 +P 2 = \](mv) 2 + (MV) 2 
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51. Total distance 


= h + 2 /; + 2 e 4 h + 



Fig. 4.30 

which is choice (a). The angle which the resultant 
momentum p r subtends with the x-axis is given by 

P MV 

tan 0 = — =-, which is choice (b). 

p mv 


Loss of KE = ||/wt; 2 +^A/K 2 | 


1 T mrv 2 +M 2 V 2 


1 Mm 

2 (M + m) 


(M + m) 


( V 2 + v 2 ), which is 
choice (c). 


Hence the correct choice is (d). 

49. p, = 2 kg (i + 2j - 3k) ms 1 = (2i + 4j - 6k) kg ms 1 

p 2 = 3 kg (2i + j + k) ms _I = (bi + 3j + 3k) kg ms -1 

Resultant momentum is 
P= P 1 + P 2 

= (2i + 4j-6k) + (6i + 3j + 3k) 

= (8i + 7j - 3k) kg ms 1 

Total mass (m) = 2 + 3 = 5 kg. Therefore, the velocity 
of composite body is 

v — — = -(8i + 7j-3k)ms _1 
m 5 

Hence the correct choice is (a). 

/ A A 

50. Change in momentum = m (\ f - - v,) = 2 kg (5i + 6j 
+ kirns' -2 kg (i + j) ms 1 = 2 (4i + 5j + k) kg ms \ 

. change in momentum 

Average force = - 

time of impact 


= 2(4i + 5j + k) = H)o(4 : + 5 : + £) 


0.02 s 

Hence the correct choice is (d). 


= h + 2e 2 h (1 +e 2 + .) 


2 e 2 h 


= h + - -T- = h 

1 — e 2 [\-e- 


\+e‘ 


* + \3 


L'-yj 

Hence the correct choice is (b). 


^ 1 • 2/7 ^ 2/7 ^ 2 2/7 

52. Total time = . /— + 2e. — + 2e~. — + 


2/l 2/7 / 2 v 

—+ 4 — U + ^+-) 
g V g 


2h (1 + e 


g U-e 


2/7 2h e 
g V g (l-e) 

(. n 

^2h _ [2A 

g i_I \ g 


Hence the correct choice is (b). 

53. Given m 0 = p m P and v 0 = v P lq. From the principle 
of conservation of momentum, we have (since body 
P comes to rest after collision) 

nip v P + m q Vq = 777 q v 

where v is the velocity of body Q after collision. 
Thus 


U p 

m P v P + p nip — = p m P v. 

q 


uu- v p+q 

which gives — = - 

Vo pa 


Now, the coefficient of restitution is given by 


V P~ V Q v _ V p_ 

P q 


v e 

which gives — = — (q - 1) ( 11 ) 

V P q 

Equating (i) and (ii), we get e = ——— which is 
choice (d). 
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54. Refer to Fig. 4.31. If sphere A is projected with 
velocity v , the time taken by it to strike B is equal 
nr 


to 


= T or nr = Tv. Now, 


v 


the coefficient of restitution 
is given by 




\ \ 


B 


e = 


_ v B -v A 


V 


Fig. 4.31 


where v A and v B are the velocities of A and B after the 
collision. Thus, v B - v A = ev. The spheres travel with 
this relative velocity. It is clear that one will overtake 
the other after travelling a distance = 2nr. 


.*. Time taken = 


2k r 2 k r 2 Tv 2 T 


v B - v A ev ev 


(since Kr = Tv). 

Hence the correct choice is (c). 

55. If mass m falss through a distance h , mass m rises up 
through the same distance h. Let v be the common 
velocity of the masses when this happens. Now, loss 
in PE = gain in KE, i.e. 

1 . 

Mgh - mgh = — (M + m) v 

2 . 


u- u • 2gh(M -m) 

which gives v = -, which is choice (c). 

\ (M + m) 

56. When M has descended a distance /?, loss of PE = 
Mgh. If v is the common velocity of the masses, gain 

1 9 

in KE = — (M+ m) v . Hence 

2 

1 , 

— (M + m) ir = Mgh 


or 


2 Mgh . . 

v = . i --— , which is choice (c). 

(M + m) 


57. Relative speed of man with respect to escalator 
= (v- u). 

.*. Actual displacement of man per second = (v - u). 
Hence, the actual displacement of man in going up 


the escalator of height h is 


v h 


(v-u) 


. Therefore, 


Work done = mg x 


v h 


, which is choice (d) 


{v-u) 

58. Let the mass of the rope be M. If a small part of 
length x hangs through the hole, it weight 

Mx 

= —(g) 


i • . • ■ Mr g xg 

and its acceleration is ci =-— = — 

L M L 

.*. Force on the remaining part of length (L - x) = 
mass of part of length (L -x) x acceleration (a) 

. " (i 

L L L 1 

If the rope falls through a distance dx, the work done 
by gravity is 

dW= (Lx - X 2 ) dx 


Total work done is 

L 


W= jdW = ^fj(Lx-x 2 )dx 
0 ^0 


Mg 


Lx 2 x 3 


MgL 


Since the centre of mass of the rope falls through 

L MgL 

a distance —, decrease in PE = —-— . From the 
2 2 

principle of conservation of energy, we have 
Decrease in PE - Work done (W) = Increase in KE 


or 


L Mv 2 


which gives v = 


4 gL 


V 3 


, which is choice (b). 


59. Given U = 6x + 8 y joule and mass m = 2 kg. Force 
along x-axis is 

dU d 

-=-(6x + 8 y) = -6 newton 

dx dx 




Force along y-axis is 

dU d 


F y = 


(6x + 8 y) = - 8 newton 

dy dy 

Therefore, the x and y components of acceleration 


are 


and 


F x 

-6 


a = — = 


= -3 ms 

X 

m 

2 


Fy 

-8 


a v~ = 

' iii 


= -4 ms 


-2 


-2 


m 


.*. Resultant acceleration 

a = yja; + a 2 v = 3) 2 + (-4) 2 = 5 ms 

The x and y coordinates of the body at time t are 


-2 
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66. The velocity of the body at time t is given by 


dx d {t 




t 

dt c/A 4 J ~ 2 

.*. At t = 0, v = u = 0 and at / = 2 s, v = 1 ms \ Now, 
work done = increase in KE 

1 2 1 2 1 2 „ 

= - mv - mu -—mv -0 

2 2 2 

= —mv 2 = — x 6 x (l) 2 = 3 J 

2 2 

67. Work done = increase in potential energy in (i) raising 
the weight 150 N of the ladder through a height 1 m 
and (ii) raising a weight 40 N through 2.5 m 

= 150 Nx 1 m +40 Nx 2.5 m 

= 250 Nm = 250 J 

Hence the correct choice is (b). 

68. Friction force = p mg = 0.2 x 5 x 10= 10N. Effective 
force F = applied force - frictional force = 25 - 
10 = 15 N. Kinetic energy = work done by force 
F in pulling the body through a distance S (= 10 m) 
= 15 x 10 = 150 J, which is choice (b). 

69. The retardation is given by (see Fig. 4.32) 

a = g (p cos 0 + sin 9) (i) 



Fig. 4.32 

Let u be the initial velocity of the body. If it is stopped 
after moving a distance s up the plane, then 

ir = las 


. . 1 
Kinetic energy = E= — mu 

= — m x las = mas (ii) 
2 

Now, work done against friction is 
W - gain in PE = mgh 

It is clear from the figure that h = s sin 0. Therefore, 
W = mgs sin 9 (iii) 

From (i), we have 

n 

(iv) 


Also 


(p cos 9 + sin0) 
sin# 


p = tan 9 = 


COS0 


or sin 9 = p cos 9 

(v) 


Using (iv) and (v) in (iii), we have 

mas (p cos 9 ) 

\\ = -- 

(jucos0 + sin0) 

Using (ii) in (vi), we get 

p E cos 9 


(vi) 


W = 


, which is choice (d). 


(p cos 9 + sin0) 

70. The total distance travelled is 

S = h + le 2 li + le 4 h + le 6 h + ... 
= h + 2h (e 2 + e 4 + e 6 + ...) 


= h + Ih 


r e 2 ' 


1 - e' 


= h 


1 + 


2e 2 
1 - e' 


h{ l + e 2 ) 
(l-e 2 ) 


Hence the correct choice is (a). 


121 

SECTION 


Multiple Choice Questions Based on Passage 


Questions 1 to 2 are based on the following passage. 

Passage I 

A light rod of length L having a body of mass M attached 
to its end hangs vertically. It is turned through 90° so that 
it is horizontal and then released. 

1. The centripetal acceleration when the rod makes an 
angle 9 with the vertical is 


(a) g cos 9 (b) Ig cos 9 

(c) g sin 9 (d) 2g sin 9 

2. The tension in the rod when it makes an angle 9 with 
the vertical is 

(a) Mg cos 9 (b) 2 Mg cos 9 

(c) 3 Mg cos 9 (d) zero 
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Solutions 

1. The rod is released from the horizontal position OA. 
Let OB be the position of the rod when it makes an 
angle 0 with the vertical. (Fig. 4.33). 



H- L -► 




The loss of PE when the body falls from A to B = Mg 
x OC = MgL cos 0. If v is the velocity of the body 
at B , then 

— Mv 2 = MgL cos 6 or v 2 = 2gL cos 6 (1) 

... v 2 2gLcos0 
centripetal acceleration = — = --- 

= 2 g cos 0, 

which is choice (b). 


2. The centripetal force when the body is at B is 

Mv 2 

F = ~r 


Thus, we have 


T - Mg cos 0 = 


M V 


( 2 ) 


Using (1) in (2), we get 


T - Mg cos 0 = 


M_ 

L 


x 2gL cos 0=2 ;V/g cos 0 


or r=3A/gcos0 

Thus the correct choice is (c). 


Questions 3 to 5 are based on the following passage. 

Passage II 

A small roller coaster starts at point A with a speed u on a 
curved track as shown in Fig. 4.34. The friction between the 
roller coaster and the track is negligible and it always remains 
in contact with the track. 


A 



3. The speed of the roller coaster at point B on the track 
will be 


(a) (w 2 + gh) U2 


(c) {u 2 + 2gh) 


1/2 


(b) 


(d) 


^ 2 f) 


1/2 




\l/2 


J 


4. The speed of the roller coaster at point C on the track 
will be 

/ \i/2 

gh 1 


(a) 


(c) 


u 2 + 


3 J 


(b) 


V + M N,/2 

V 3 


« 2 + M 


, 1/2 


3 J 


(d) (w 2 + 2 gh) 


1/2 


5. The speed of the roller coaster at point D on the track 
will be 


(a) ( u 2 +gh) m 
(c) (» 2 + 3 gh) 


1/2 


(b) (M 2 + 2gh) m 
(d) (M 2 + 4gh) m 


Solutions 


3. Total energy at A = KE + 


7 

PE = — /mr + mgh. 

If v h is the speed at point B , the total energy at 
1 , 

B = —mv b + mg(2h!2). From the principle ot 

conservation of energy, we have 

2 mgh 

—-— which gives 


1 


1 2 . 1 2 

— mu + mgh = — mv“ h + 


f 


u + 


2 gh 


, 1/2 


V 


which is choice (b). 


V -j / 

Similarly, the speed at point C is given by 

1 , . 1 2 , m S h 

~mv c + 


7 * 

mu + mgh = ~ mv t + 


which gives 


r 


v = 


u + 


4g/iV 2 

, which is choice (c). 


V -5 / 

At point D, the energy is entirely kinetic. If 
speed of the roller coaster at point D is v ch then 
have 


the 

we 


^r 


mv 

7 1 17 

v d - (u + 2 gh) , which is choice 


2 , 1 
d = mgh + - mir 


fbV 


Passage III 

The displacement* of a particle moving in one dimension, 
under the action of a constant force is related to time t by 
the equation 
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t - \fx + 3 

where .v is in metre and t is in second. 

6. The displacement of the particle when its velocity is 
zero is 

(a) zero (b) 1 m 

(c) 2 m (d) 3 m 

7. The acceleration of the particle 

(a) increases with time 

(b) decreases with time 

(c) increases with time up to t = 3 s and then decreases 
with time. 

(d) remains constant at 2 ms . 

8. The work done by the force in first 6 s is 

(a) 1 J (b) 3 J 

(c) 6 J (d) zero 

T'/'S. Solutions 

'V'' 

6. Given t=yfx + 3 or yfx = t-3 or 

* = (/- 3) 2 (1) 

Differentiating (1) with respect to J , we get 


or 


~r =2(1— 3) 
dt 

V = 2(r — 3) 


( 2 ) 


From (2) it follows that v = 0 at t = 3 s. Using t = 3 s 
in (1), we get x = 0. Thus, the displacement of the 
particle is zero when its velocity is zero. Thus, the 
correct choice is (a). 

7. From Eq. (2), we have 


dv d , 

* = ^ = ^ [2( '- 3)] = 2ms 


Hence the correct choice is (d). 

8. From Eq. (2), the initial velocity, i.e., velocity at 
/ = 0 is 

v 0 = 2(0 - 3) = - 6 ms 1 
Final velocity, i.e., velocity at t = 6 s is 
v = 2(6 - 3) = 6 ms 1 
Work done = final KE - initial KE 

= ^ rnv 2 - ^ mv\ = | m(v 2 - v 2 0 ) 


1 


= ^ m[( 6)" - (- 6) 2 ] = 0, which is choice (d). 


Questions 9 to 12 are based on the following passage. 

Passage IV 

The kinetic energy of a particle moving along a circle of 
radius R depends on distance (s) as K = as“ where a is a 
constant. 

9. The centripetal force is given by 


as' 


as' 


(3) 2R 

(b) - 

R 

lax 2 

A as 2 

(C) « 

(d) 

R 

The speed of the particle around the circle is 

/ \l/2 

(a) 2s 

(b) s 

/ \l/2 

- 

V m ) 


\mj 

\ 1/2 

(c)»| 2 “) 

(d) 5 

/ \ 1 / 2 

- 

V m J 


1 2m ) 


11. The tangential force acting on the particle is 

(a) mas (b) 2 mas 

(c) as (d) las 

12. The net force acting on the particle is 


(a) 2as 


(c) las 


i 


1 + - 
R 


(b) as 


.2 \ 


1/2 


1 + 


R 2 ) 


( 


2 V'2 


1 + 


R 2 


(d) zero 


jV-jj Solutions 


V' 


9. Given KE (K) = — mv = as . Therefore, the centrip¬ 
etal force is 


fc = 


- (\ 2 
2 2 x - mv , 

mv V 2 J las' 

R R ~ ~~R 


which is choice (c). 

10. The speed v of the particle around the circle is given 
by 

loo ( 2 aV /2 


mv = as or v = s 

2 


m ) 


Hence the correct choice is (c). 
11. The tangential acceleration is 


dv _ d 
Qt= ~dt~~dt 


f la \ 


s 


1/2 


V m ) 


la V 2 ds 


m 


dt 


ds 

But — =v = s 

dt 


ria ^ 2 


\ m J 


. Therefore, 
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a 


t 


( 2a ) 

1/2 

X S 

(la' 

r 

m 

V m ) 


\ m , 

i m 



Solutions 


Tangential force is f t = ma { 
las 

= las , which is choice (d). 


= m x 


m 


12. Net force acting on the particle is 

'las 1 ' 2 


nl/2 


R 


4- (las)* 


J 


13. Let T be tension in the string. Figure 4.35 shows 
the forces acting on the system. Tension T can be 
resolved into two mutually perpendicular 
components. The horizontal component T sin 9 
provides the centripetal force for circular motion 
and the vertical component T cos 9 balances the 
weight mg. 

Thus 


= 2 as 



Thus the correct choice is (c). 

Questions 13 to 15 are based on the following passage. 


T cos 9 = mg (1) 

m v 2 

and T sin 9 = - = mcor 

r 

But r = L sin 9. Therefore, 

T sin 0 = m(Q 2 L sin 9 or T = mco 2 L (2) 


Passage V 

A conical pendulum consists of a string of length L fixed 
at one end carrying a body of mass m at the other end. The 
mass is revolved in a circle in the horizontal plane about 
a vertical axis passing through the fixed end of the string. 
The angular frequency of revolution of the body is to. The 
string makes an angle 9 with the vertical axis. 


13. The tension in the string is 


2 

mco 

Leo 1 

(a) . 

(b) 

L 

m 

(c) marL 

(d) meal} 

14. The angle of inclination of the string w ith the vertical 
is given by 

(a) cos 0= ? 

co 2 L 

(b) sin 6- 2 

(0 L 

co 2 L 

co 2 L 

(c) cos 6 = 

(d) sin 9 - 

g 

g 

15. The linear speed of the body is 

(a) coL 

(b) coL sin 9 

(c) coL cos 9 

(d) coL tan 9 


Hence the correct choice is (c). 



Fig. 4.35 


mg 

14. From (1), we have cos 9 = —jr (3) 

Using (2) in (3), we get 
m g g 

cos 9 = - j — = —;—, which is choice (a). 

m co L co" L 

15. Linear velocity is v = (Or = coL sin 0, which is choice 
(b). 


3 

SECTION 


Assertion-Reason Type Questions 


In the following questions, Statement-1 (Assertion) is 
followed by Statement-2 (Reason). Each questions has 
the following four choices out of which only one choice 
is correct. 


(a) Statement-1 is true, Statement-2 is true and Statement-2 
is the correct explanation for Statement-1. 

(b) Statement-1 is true, Statement-2 is true but Statement-2 
is not the correct explanation for Statement-1. 


Copyrighted material 





Work, Energy and Power 4.37 


(c) Statement-1 is true, Statement-2 is false. 

(d) Statement-1 is false, Statement-2 is true. 

1. Statement-1 

A simple pendulum of length / is displaced from 
its mean position O to position A so that the string 
makes an angle with the vertical and then released. 
If air resistances is neglected, the speed of the bob 
when the string makes an angle 0 2 with the vertical is 

V = yj2g/ (cos 6 2 - cos 0, ) . 

Statement-2 

The total momentum of a system is conserved if no 
external force acts on it. 

2. Statement-1 

A uniform rod of mass m and length / is held at an 
angle 6 with the vertical. The potential energy of the 

rod in this position is - mg I cos 6. 

Statement-2 

The entire mass of the rod can be assumed to be 
concentrated at its centre of mass. 

3. Statement-1 

A block of mass m starts moving on a rough horizontal 
surface with a velocity v. It stops due to friction 
between the block and the surface after moving 
through a certain distance. The surface is now tilted 
to an angle of 30° with the horizontal and the same 
block is made to go up on the surface with the same 
initial velocity v. The decrease in the mechanical 
energy in the second situation is smaller than that in 
the first situation. 

Statement-2 

The coefficient of friction between the block and the 
surface decreases with the increase in the angle of 
inclination. 

4. Statenient-1 

A man carrying a bucket of water and walking on 
a rough level road with a uniform velocity does no 
work while carrying the bucket. 

Statement-2 

The work done on a body by a force F in giving it a 
displacement S is defined as 

W=¥ • S = FS cos 0 

where 0 is the angle between vectors F and S. 

5. Statement-1 

A crane P lifts a car up to a certain height in 1 min. 
Another crane Q lifts the same car up to the same 
height in 2 min. Then crane P consumes two times 
more fuel than crane Q. 


Stateinent-2 

Crane P supplies two times more power than crane O. 

6. Statement-1 

Two inclined frictionless tracks of different 
inclinations 0 { and 0 2 meet at A from where two 
blocks P and O of different masses /??, and m 2 are 
allowed to slide down from rest, one on each track as 
shown in Fig. 4.36. Then blocks P and Q will reach 
the bottom with the same speed. 


A 



Statement-2 

Blocks P and Q have equal accelerations down their 
respective tracks. 

7. Statement-1 

In Q.6 above, block P will take a longer time to reach 
the bottom than block O. 

Statement-2 

Block O has a greater acceleration down the track 
than block P. 

8. Statement-1 

Comets move around the sun in highly elliptical 
orbits. The work done by the gravitational force of 
the sun on a comet over a complete orbit is zero. 

Statement-2 

The gravitational force is conservative. 

9. Statement-1 

The total energy of a system is always conserved 
irrespective of whether external forces act on the 
system. 

Statement-2 

If external forces act on a system, the total momentum 
and energy will increase. 

10. Statement-1 

The rate of change of the total linear momentum of 
a system consisting of many particles is proportional 
to the vector sum of all the internal forces due to 
inter-particle interactions. 

Statement-2 

The internal forces can change the kinetic energy of 
the system of particles but not the linear momentum 
of the system. 
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11. Statement-1 

An elastic spring of force constant k is stretched by 
a small length x. The work done in extending the 
spring by a further length .v is 2 kx 1 . 

Statement-2 

The work done in extending an elastic spring by a 
length x is proportional to x 2 . 

12. Statement-1 

Two identical balls B and C lie on a horizontal 
smooth straight groove so that they are touching. 
A third identical ball A moves at a speed v along 
the groove and collides with B (see Fig. 4.37). If 
the collisions are perfectly elastic, then after the 
collision, balls A and B will come to rest and ball C 
moves with velocity v to the right. 



Statement-2 

In an elastic collision, linear momentum and kinetic 
energy are both conserved. 

13. Statement-1 

Two bodies A and B of masses m and 2 m respectively 
are placed on a smooth floor. They are connected 
by a spring. A third body C of mass m moves with a 
velocity u and collides elastically with A as shown in 
Fig. 4.38. At a certain instant t 0 after the collision, it is 
found that the velocities of A and B arc the same = m/3. 



Fig. 4.38 


Statement-2 

In an elastic collision, the kinetic energy of the 
system is conserved. 

14. Statenient-1 

In an inelastic collision between two bodies, the total 
energy does not change after the collision but the 
kinetic energy of the system decreases. 

Statement-2 

The loss of kinetic energy appears as heat in the 
system. 

15. Statement-1 

In a collision between two bodies, each body exerts 
an equal and opposite force on the other at each 
instant of time during the collision. 


Stateinent-2 

The total energy of the system is conserved. 

16. Statement-1 

The term ‘collision* between two bodies does not 
necessarily mean that the two bodies actually strike 
against each other. 

Statement-2 

In physics, a collision is said to take place if the one 
body influences the motion of the other. 

17. Statement-1 

In an inelastic collision, the two colliding bodies 
stick to each other after the collision and move with 
a common velocity. 

Statement-2 

There is a loss of total kinetic energy in an inelastic 
collision. 

18. Statement-1 

In a collision between two bodies, the linear 
momentum of each body remains constant. 

Statement-2 

If no external force acts, the total linear momentum 
of a system is conserved. 

19. Statement-1 

In an elastic collision between two bodies, the energy 
of each body is conserved. 

Statement-2 

The total energy of an isolated system is conserved. 

20. Statement-1 

The total energy of a system is always conserved 
irrespective of whether external forces act on the 
system. 

Statement-2 

The total energy of an isolated system is always 
conserved. 

21. Statement-1 

A body P of mass M moving with speed u collides 
head-on and elastically with a body Q of m initially 
at rest. If m < M, body Q will have a maximum speed 
equal to 2 u after the collision. 

Statement-2 

In an elastic collision, the momentum and kinetic 
energy are both conserved. 

Solutions 

1. The correct choice is (b). It is clear from Fig. 4.39 
that PQ = / cos 0, and PR = l cos 0 2 . Therefore, 
/?, =1-1 cos 0, = /(I - cos 0,) and h 2 = /(I - cos d 2 ). 
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Let m be the mass of the bob and v be its speed 
when it reaches position B. Then, from the principle 
of conservation of energy, K.E. at B = loss of P.E. as 
the bob moves from A to B. 

Hence 


— mv 1 = nigh , - nigh 2 



Fig. 4.36 

= mg[l(\ - cos 0,)- /(I - cos 0 : )] 

= mg / (cos 6 Z - cos 0,) 

=> v- y]2gl(cos6 2 -cos0,) 

2. The correct choice is (a). Let C 
be the centre of mass of the rod 
AB so that AC = 112. Let h be the 
height of C above the ground. In 
triangle A CD, we have CD = AC 
sin (90° - 0) (see Fig. 4.40). 

Or h — — cos 0. Since the entire 
2 

mass of the rod can be assumed 
to be concentrated at the centre of mass, therefore, 
potential energy = work done to raise the rod from 
horizontal position on the ground to the position 

shown in the figure = mgh = — mgl cos 0. 

3. Statement-1 is true. The decrease in mechanical 
energy is smaller when the block is made to go up on 
the inclined surface because some part of the kinetic 
energy is converted into gravitational potential 
energy. Statement-2 is false. The coefficient of 
friction does not depend on the angle of inclination 
of the plane. Hence the correct choice is (c). 

4. The correct choice is (a). Since the velocity is 
uniform, the man exerts no net force on the bucket 
in the direction of motion. The only force he exerts 
on the bucket is against gravity (to overcome) 
the weight mg of the bucket) and this force is 
perpendicular to the displacement (i.e. 0=90°). Hence 
W = FS cos 90° = 0. 

5. The two cranes do the same amount of work = mgh. 
Hence they consume the same amount of fuel. Crane 



Fig. 4.40 


6 . 


P does the same amount of work in half the time. 
Hence crane P supplies two times more power than 
crane Q. Thus the correct choice is (d). 


The acceleration of blocks P and O respectively are 

m x g sin 0, . ^ 

«,= -12-L = g sin 0, 


m 


and 




w 2 gsin 0 2 


= g sin 0 2 


Since 0 2 > 0,; a 2 > ci x . The potential energy of block 
P at A = m\gh. When it reaches the bottom 0, its 

kinetic energy is — m x v\ where i>,is its speed when 
it reaches B. Now P.E at A = K.E. at B. Hence 


m\gh= | m x v\ =>v x = ^Jlgh . 


Similarly 


, 1 2 
m 2 gh= -m 2 v 2 


v- 




Hence the correct choice is (c). 

7. The correct choice is (a). If /, and t 2 are the times 
taken by P and Q to reach the bottom, then 

v { = u | + a ] t ] = a,/, (v w, = 0) 

and v 2 = u 2 + a 2 t 2 = a 2 t 2 (v u 2 = 0) 

Now V\ = v 2 . Hence = a 2 t 2 . Thus 

h a \ 

Since a 2 > a,; 1 1 > 1 2 . 

8. The correct choice is (a). For a conservation force, 
the work done in moving a body from one point to 
another does not depend on the nature of the path and 
the work done over a closed path is zero, irrespective 
of the nature of the path. 

9. Statement-1 is false; the total energy of an isolated 
system is conserved. Statement-2 is true. Hence the 
correct choice is (d). 

10. Statement-1 is false and Statement-2 is true. The 
rate of change of momentum is proportional to the 
net external force acting on the system. Hence the 
correct choice is (d). 

11. The correct choice is (d). Potential energy 
stored in the spring when it is extended by .v is 

U l = -he 2 
2 

Potential energy stored in the spring when it is further 
extended by .v is 

U 2 = — k(x + x) 2 = 2 kx 2 
“ 2 

.*. Work done = gain in potential energy = U 2 - t/, = 

2 kx 2 - - kx 2 = - kx 2 
2 2 
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12. The correct choice is (a). Linear momentum will be 
conserved if A comes to rest and B and C move to 
the right with a velocity v/2 each or A , B and C all 
move to the right with velocity v/3 each. It is easy to 
see that in these two cases, the kinetic energy is not 
conserved. Hence the only result of the collision is 
the one given in Statement-1. 

13. The correct choice is (b). Let C collide with A at / 
= 0. Since the collision in elastic and A and C have 
equal masses, C will come to rest and A will move to 
the right with velocity u and at this instant the spring 
is uncompressed and B is at rest. Hence at t = 0, the 
momentum of the system = mu. When A moves to 
the right, it compresses the spring and as a result B 
beings to move to the right. Let v be the common 
velocity of A and B at time t {) . From the principle of 
conservation of linear momentum, we have 

Momentum of C before collision = momentum of A 
after collision + momentum of B after collision or mu 

= mv + (2m) v => v = —. 

3 

14. The correct choice is (a). The total energy (which 
includes all forms of energy) is conserved in any 
process. 

15. The correct choice is (b). Statement-1 follows from 
Newton’s third law of motion. 

16. The correct choice is (a). 


1 7. The correct choice is (d). The two colliding body 
need not get stuck after an inelastic collision. 

18. The correct choice is (d). Since the velocities of 
the two bodies change due to collision, the linear 
momentum of each body will change but the total 
linear momentum of the system of two bodies is 
conserved. 


19. The correct choice is (d). Due to change in velocity, 
the energy of each body changes on collision but the 
total energy of the system of two bodies is conserved. 

20. The correct choice is (d). If an external force acts 
on a system, it is accelerated which will increase the 
total energy. 

21. The correct choice is (a). If v and V are the velocities 
of Q and P after the collision, then from conservation 
of momentum and kinetic energy, we have 

Mu = mv + MV => M(u — V) = mv (1) 


- Mu 2 = - mv 1 + - MV 2 
2 2 2 


=> M(u - V) (h + V) = mv 2 (2) 


From Equations (1), (2), we get 


2 Mu 2 u 

V = -= 7 - 

(M + /w) / j + m 

l M 

If M > m, then v is maximum equal to 2u (since 
—» zero). 


m 

M 


4 Previous Years' Questions from AIEEE, IIT-JEE, 
JEE (Main) and JEE (Advanced) 

SECTION ( w ith Complete Solutions) 


1. A spring of force consttant 800 Nm 1 has an exten¬ 
sion of 5 cm. The work done in extending it from 5 
cm to 15 cm is 

(a) 16 J (b) 8 J 

(c) 32 J (d) 24 J |2002] 

2. A particle, which is constrained to move along the 
x-axis, is subjected to a force in the same direction 
which varies with the distance x of the panicle from 
the origin as F(x) = -kx + ax\ Here k and a are posi¬ 
tive constants. Forx > 0, the functional form of the 
potential energy U(x) of the particle 


U(x) U(x) 
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3. Consider the following statements 

A. Linear momentum of a system of particles is zero. 

B. Kinetic energy of a system of particles is zero. 

(a) A does not imply B and B does not imply A. 

(b) A implies B but B does not imply B. 

(c) A docs not imply B but B implies A. 

(d) A implies B and B implies A. [2003] 

4. A spring of spring constant 5 x 10 3 Nm is stretched 
initially by 5 cm from the unstretched position. Then 
the work required to stretch by another 5 cm is 

(a) 12.50 J (b) 18.75 J 

(c) 25.00 J (d) 6.25 J |2003| 

5. A body is moved along a straight line by a machine 
delivering a constant power. The distance moved by 
the body in time t is proportional to 

(a) t m (b) t m 

(c) t m (d) t m |20031 

6. If W h W 2 and W 3 represent the work done in moving 
a particle from A to B along three different paths 1, 
2 and 3 (as shown in the figure) in the gravitational 
field of a point mass m, find the correct relation be¬ 
tween W j, IV 2 and W 3 . 

(a) W x > W 3 > W 2 (b) W } = W 2 = W 3 

(a) W x < W 3 < W 2 (b) W x < W 2 < W 3 

120031 



A 


7. A particle move in a straight line with retardation 
proportional to its displacement. It loss of kinetic 
energy for any displacement x is proportional to 

(a) x 2 (b) e x 

(c) x (d) log^x [20041 

8. A uniform chain of length 2 m is kept on a table such 
that a length of 60 cm hangs freely from the edge of 
the table. The total mass of the chain is 4 kg. What is 
the work done in pulling the entire chain on the table? 
Take g = 10 ms 2 . 

(a) 7.2 J (b) 3.6 J 

(c) 120 J (d) 1200 J [2004] 

A A ^ 

9. A force F = (5i + 3j + 2k ) newton is applied to a par¬ 
ticle which displaces it from the origin to a point 
r = (2i - j ) metre. The work done on the particle is 


(a) —7J (b) +7J 

(c) +10 J (d) -4-13 J [2004] 


10. A body of mass m accelerates uniformly from rest 
to velocity v x in time The instantaneous power 
delivered to the body as a function of time t is 


(a) 


mv x t 


(b) 


nnrt 


(c) m V V (d) rr ^L [20041 

t\ h 

II. A wire fixed at the upper end stretches by length / by 
applying force F. The work done is stretching is 

(a) X ~ FI (b) FI 

(c) 2 F/ (d) l4lFl 120041 


12. A particle at the origin is under the influence of a 
force F = kx, where k is a positive constant. If the 
potential energy U is zero at x = 0, the variation of 
potential energy with the coordinate x is represented 
by 



(c) (d) [20041 

13. A ball of mass 20 kg is stationary at the top of the hill 
of height 100 m. It rolls down the smooth surface of 
the hill to the ground and then climbs up another hill 
of height 30 m and finally rolls down to a horizontal 
base at a height of 20 m above the ground. The veloc¬ 
ity attained by the ball is (take g = 10 ms 2 ) 

(a) 40 ms -1 (b) 20 ms -1 

(c) 10 ms 1 (d) 10>/30ms 1 [2005| 

14. A block of mass M moving on a frictionless horizon¬ 
tal surface collides with spring of spring constant k 
and compresses it by length L. The maximum mo¬ 
mentum of the block after the collision is 
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(a) LsfMk 

(b) KL ~ 


2 M 



Ml} 


(c) zero 

<■» * 

[2005] 


15. A mass m moves with velocity v and collides with 
another identical mass initially at rest. After the col¬ 
lision the first mass moves with a velocity v! yfi in 
a direction perpendicular to the initial direction of 
motion. If the collision is inelastic, the speed of the 
second mass after collision is 


(a) v 



(b) yjlv 



[2005] 


16. A particle of mass 0.3 kg is subjected to a force 
F = -kx with k = 15 Nm \ What will be its initial 
acceleration if it is released from a point 20 cm away 
from the origin? 

(a) 10 ms -2 (b) 5 ms -2 

(c) 15 ms 2 (d) 3 ms 2 t-1 

17. A mass of M kg is suspended by a weightless string. 
The horizontal force that is required to displace it 
until the string makes an angle of 45° with the initial 
vertical direction is 

(a) ^ (b) Mg(V2^I) 

V 2 


(c) A/g(V2+I) (d) Mgyfl [2006] 

18. A particle of mass 100 g is thrown vertically upwards 
with a speed of 5 m/s. The work done by the force of 
gravity during the time the particle goes up is (take 

g= 10 ms -2 ) 

(a) 1.25 J (b) 0.5 J 

(c) -0.5 J (d) -1.25 J [2006] 

19. A bomb of mass 16 kg at rest explodes into two piec¬ 
es of masses 4 Kg and 12 kg. The velocity of the 12 
kg mass is 4 ms '. The kinetic energy of the other 
mass is 


(a) 192 J (b) 96 J 

(c) 144 J (d) 288 J [2006] 

20. The potential energy of 1 kg particle free to move 
along the jc-axis is given by 


v« = 


V 


x 


2 \ 


joule 


The total mechanical energy of the particle is 2 J. 
Then the maximum speed (in m/s) is 



(b) 2 

(d) J} [20061 


21. A 2 kg block slides on a horizontal floor with a speed 
of 4 m/s. It strikes an uncompressed spring and com¬ 
presses it till the block is motionless. The kinetic fric¬ 
tion force is 15 N and spring constant is 10,000 N/m. 
The spring compresses by 

(a) 5.5 cm (b) 2.5 cm 

(c) 11.0 cm (d) 8.5 cm |2007[ 

22. An athlete in the Olympic games covers a distance of 
100 m in 10 s. His kinetic energy can be estimated to 
be in the range 

(a) 20,000 J - 50,000 J (b) 2,000 J - 5,000 J 

(c) 200 J - 500 J (d) 2 x 10 5 J - 3 x 10 5 J 

|2008| 

23. A block of mass 0.5 kg is moving with a speed of 2.00 
ms 1 on a smooth surface. It strikes another mass of 
1.00 kg and then they move together as a single body. 
The energy loss during the collision is 

(a) 0.34 J (b) 0.16 J 

(c) 1.00 J (d) 0.67 J [2008] 

24. A block (B) is attached to two unstretched springs S x 
and S 2 with spring constants k and 4 k , respectively 
(see Figure I). The other ends are attached to identi¬ 
cal supports A/, and M 2 not attached to the walls. The 
springs and supports have negligible mass. There is 
no friction anywhere. The block B is displaced to¬ 
wards wall 1 by a small distance x (Figure II) and 
released. The block returns and moves a maximum 
distance y towards wall 2. Displacement x andy are 
measured with respect to the equilibrium position of 


the block B. The ratio — is 

V 


Mi 


H-.v-H Figure II 
(a) 4 <b) 2 


* S, 


Figure I 


S\ 


M\ 


(c) 




[2008| 


25. A bob of mass m is suspended by a massless string 
of length L . The horizontal velocity v at position A is 
just sufficient to make it reach the point B. The angle 
6 at which the speed of the bob is half of that at A 
satisfies 
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(a) 

(c) 


B 



26. Consider a rubber ball falling freely from a height 
h = 4.9 m onto a horizontal elastie plate. Assume 
that the duration of collision is negligible and the 
collision with the plate is totally elastic. Then the 
velocity as a function of time and the height as a 
function of time will be: 




(b) 


y 




(c) 



V 



27. Statement-1 : Two particles moving in the same di¬ 
rection do not lose all their energy in a completely 
inelastic collision. 


Statement-2 : Principle of conservation of momen¬ 
tum holds true for al kinds of collisions. 

(a) Statement-1 is true, Statement-2 is true, 
Statement-2 is the correct explanation of 
Statement-1. 


(b) Statement-1 is ture, Statement-2 is true; 
Statement-2 is not the correct explanation of 
Statement-1. 


(e) Statement-1 is false, Statement-2 is true. 

(d) Statement-1 is true, Statement-2 is false. [2010| 
28. The potential energy function for the force between 

two atoms in a diatomic molecule is approximately 

a b 

given by U(x) = —pr-r , where a and b are con- 

x x 

stants and x is the distance between the atoms. If the 
dissociation energy of the molecules is D = [U (x = 

) - ^at equilibrium]’ ^ 


CO 


, . b 

(a) — 

6 a 

l2 

(c) 


12 a 


(b) h — 
2 a 

(d) h l_ 

4a 


120101 


29. A block of mass 2 kg is free to move along the.v-axis. 
It is at rest and from t = 0 onwards it is subjected to 
a time-dependent force F(t) in the x direction. The 
force F(t) varies with t as shown in the figure. The 
kinetic energy of the block after 4.5 seconds is 



(a) 4.50 J (b) 7.50 J 

(c) 5.06 J (d) 14.06 J (2010] 

30. This question has two statements 1 and 2. Of the 
four choices given after the statements, choose the 
one that best describes the two statements. 

If two spring Sj and S 2 of force constants A, and k 2 , 
respectively, are stretched by the same force, it is 
found that more work is done on S { than that on S 2 . 
Statement 1 : If stretched by the same amount, work 
done on S , will be more than that on S 2 . 

Statement 2 : A , is less than A 2 . 

(a) Statement 1 is false, statement 2 is true. 

(b) Statement 1 is true, statement 2 is false. 

(c) Statement 1 is true, statement 2 is true and statement 
2 is the correct explanation for statement 1. 

(d) Statement 1 is true. Statement 2 is true but statement 
2 is not the correct explanation of statement 1. 

( 2012 | 
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31. The question has Statement-I and Statement-II. Of 
the four choices given after the statements, choose 
the one that best describes the two statements. 


Statement-I : A point particle of mass m moving 
with speed v collides with stationary point particle 
of mass M. If the maximum energy loss possible is 


n 2 i 

~mv 

then / = 

m > 

l2 J 


V M + m / 


Statement-II : Maximum energy loss occurs when 
the particles get stuck together as a result of the col¬ 
lision. 


(a) Statement-I is true, Statement-11 is true, 
Statement-II is not the correct explanation of 
Statement-I. 


(b) Statement-I is true, Statement-II is false. 

(c) Statement-I is false, Statement-II is true. 

(d) Statement-I is true, Statement-II is true, 
Statement-II is the correct explanation of 
Statement-I. 


12003] 

32. The work done on a particle of mass /?? by a force. 


K 


x 


L (* 2 +y 2 f 2 


* y 

, + ( x 2 +/) 3 ' 2 1 . 


(K being a con¬ 


stant of appropriate dimensions), when the particle 
is taken from the point ( a , 0) to the point (0, a) along 
a circular path of radius a about the origin in the x-y 
plane is: 

Kk 


(a) 

2 Kk 

a 

(b) - 

(c) 

Kk 

2a 

(d) 0 


a 


|2013] 


33. A block of mass 4 kg moving on a frictionlcss hori¬ 
zontal surface collides with spring of force constant 
4 Nm 1 and compresses it by length 50 cm. The maxi¬ 
mum momentum (in kg ms ] ) of the block after the 
collision is 


M 


V/ 






(a) 2 (b) 4 

(c) 1 (d) 0.5 


|2013] 


Answers 

'v"° 

1. (b) 2. (d) 3. (c) 4. (b) 

5. (b) 6. (b) 7. (a) 8. (b) 


9. (b) 

10 . (b) 

13. (a) 

14. (a) 

17. (b) 

18. (d) 

21. (a) 

22. (b) 

25. (d) 

26. (a) 

29. (c) 

30. (a) 

33. (a) 



Solutions 


11. (a) 

12. (a) 

15. (c) 

16. (a) 

19. (d) 

20. (c) 

23. (d) 

24. (c) 

27. (a) 

28. (d) 

31. (c) 

32. (d) 


1. Here x, =5 cm = 0.05 m and x-> = 15 cm = 0.15 m 


W= ^k(xl-xl) = ^ x 800 x [0.15) 2 - (0.05) 2 ] 


= 8 J 

2. Refer to the solution of Q. 65 on page 4.32 of this 
chapter. 

3. The kinetic energy of a system of particles is zero 
only if the velocity of every particles is zero. Linear 
momentum of a system of particles is zero if the 
vector sum of linear momenta of individual particles 
is zero which is possible even if velocities are non¬ 
zero. Hence statement B implies statement A but does 
not imply B. 


4. Here x { = 5 cm = 0.05 m and x 2 = 10 cm = 0.1 m 

IV = ^k(x 2 2 -x , 2 ) 

= |x5x 10 3 [(0.1) 2 -(0.5) 2 ] = 18.75 J 

dv dv dx ? dv 

5. P = Fv = mav = m ~r v = m —. — v = tnv~ — 

dt dx dt dx 


•j £ 

v~dv= —dx 
m 

Integrating (assuming that the body starts from rest), 
we have 



(\'P = constant) 


(3P\ 


73 


=> v = ^—J = x 13 = k x 1 ' 3 where k = 


3 P 


V m 


1/3 


constant 



1/3 
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x 13 dx = k dt 


* / 

Integrating J * 1 ~dx = kjdt 


2/3 


2/3 


= kt 


x = 


2k 
3 J 


, 3/2 


X t 


3/2 


Hence x t 


3/2 


6. Gravitational force is conservative. The work done 
by a conservative force on a particle moving between 
two points docs not depend on the path taken by the 
particle. Hence the correct choice is (b). 


7. a = -foe where k is a positive constant 

dv dv dx 

or — = -kx => —.— = -foe 

dt dx dt 


or vdv = -kxdx 

Integrating, 







where u = initial velocity and v = final velocity. If m is 
the mass of the particle, then 

1 

Initial K.E. is K, = — mu 

1 2 

1 

Final K.E. is K f = ~ mv~ 

Loss in K.E. = k { - k f = m (a 2 - v 2 ) 

Using (i) in (ii) 


km 2 

Loss in K.E. = —~x 

2 

Thus loss in K.E. ©c x 2 


8. Mass per unit length of the chain is 

M 4 . 

T'2 ' 2k6m 


1.4 m 


0.6 m 

T 


Mass of hanging portion is m = 2 x 0.6 = 1.2 kg 

This mass can be assumed to be concentrated at the 
centre of the hanging portion of the chain which is at 
a distance of x = 0.3 from the edge of the table. 


Work done = mgx = 1.2 x 10 x 0.3 = 3.6 J 
9. W = F. r 

= (5i + 3j + 2k).(2i-j) 

= 10-3 = 7 J 

/V A A A A A A A 

(v i.i= j.j = landi. j = k.j = 0) 


10. If a is the uniform acceleration, then 

y, = 0 + at ] 


Vt 


a = 


At an instant of time /, the velocity v of the body is 

vd 

v = Q +at = — 

h 

Instantaneous power P = Fv = mew 
Using (i) and (ii), we have 

V\t mv\t 

P = m x — x 









_ 




Note 

Choice (a) has dimensions of momentum and 
choice (d) has dimensions of energy. Choice (b) 
is the only one which has dimensions of power 
(ML 2 T 3 ) 






11 . w= -kx 2 = -kl 2 = -(kl)xl 

2 2 2 

= —Fxl 
2 

12. Potential energy function is 


( Y F = kx = kl) 


U(x) = -jF dx =-k jx dx = — kx 2 
0 0 

The value of U(x) is always negative for both 
positive and negative values of x. Thus the variation 
of potential energy with x is an inverted parabola as 
shown in choice (a). 

13. Refer to the following figure. 


A 



law of conservation of energy, loss of P.E. = gain in 
K.E. i.e. 
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mg (//- h) = — mv 

1 , , 
10(100 - 20) = - v 2 => v = 40 ms' 1 

14. The momentum is maximum when kinetic energy is 
maximum. This happens when the entire potential 
energy of the compressed spring is transferred to the 
block, i.e. when 

- kL 2 = - Mr 
2 2 

here v is the maximum velocity imparted to the block. 
Thus 


Mv 2 = kL 2 
M 2 v 2 = MkL 2 


=> p 2 = MkL 2 

=> p= LsfMk 

15. Refer to the following figure. 


y 

4 



Vi 

Conservation of x and y components of momentum 
gives 

mv = mv 2 cos 0 => cos 0 (i) 


V v 

and m ~j^ = -mv 2 sin 0 => = — v 2 sin 9 (ii) 


Squarring (i) and (ii) and adding we get 

v 2 2 
V 2 + Y = V 2 

2v 

=> v 2 = 


VJ 



This question is wrong as it violates the law of 

conservation of energy. If we calculate the total 

Note initial kinetic energy and final kinetic energy, we 

1 2 1 2 5 

get A, = ~ mv and k f = ~ mv~ * - , i.e. k f > A', 

which is not possible. 


16. F = -kx = -15 x 0.2 = -3 N. Therefore 

i i 1^1 3 2 

a = —l = —— = i() ms -2 

m 0.3 

17. Let / be the length of the string. The mass is moved 
from B to C by a horizontal force F until 9 = 45°. The 
work done against the force of 
gravity is 

W = Mgh = MgDB 


= Mg (AB - AD) 

= Mg (/ - / cos 9) 
= Mg l (1 - cos 9) 



This work is done against the force of gravity. Hence, 
by sign convention, it is negative. Thus 


W g = -Mg l (1 - cos 9) 

The work done by the applied horizontal force F is 
F a =Fx horizontal distance moved 

= F x CD = F l sin 9 


/. Total work done is 

W= W+ W a 
s d 

= -Mg l (1 - cos 9) + F l sin 9 

Since the mass is at rest at positions B and C, the 
change in kinetic energy is zero. From work energy 
principle, work done = change in kinetic energy, i.e. 

- Mg / (1 - cos0) + FI Sin 0=0 

Mg(\ — cos0) Mg(\ - cos45°) 
or ^ sin0 sin 45° 



Mg(sf2 - 1) 


18. The vertical height to which the particle rises is 

= 1.25 m 


= (5) 2 

2 g 2x10 


Work done W = mgh = (100 x 10 3 ) x 10 x 1.25 
= 1.25 J 


Since the work W g is done against the force of gravity, 
it is negative. Hence the correct choice is (d), i.e. W g = 


-1.25 J. 


19. Let v be the speed of the 4 kg mass just after the 
explosion. Since the bomb was at rest, its momentum 
is zero. From the conservation of momentum, we have 
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4xi; -12x4 = 0 


v = 12 ms 


-l 


1 


/. K.E. of 4 kg mass = - x4 x(12) =288 J 

X 4 Y 2 

20. V= -— — 

4 2 


dV 

dx 


= a 3 - X 


V is maximum or minimum if 


dV_ 

dx 


= 0, i.e. if a 3 -jc = 


0 or a(a 2 - 1) = 0 which gives x = 0, 1 and -1. Now 
d 2 V 


dx ‘ 


= 3jc - 1 


. d 2 V 

V is maximum if —— is negative and V is minimum 

dx 2 

d 2 V d 2 V 

if —— is positive. ForA = 0, —— =-l. 


dx' 


dx' 


d 2 V 


Hence for jc = 0. V is maximum. For jc = ±1, —— = 2. 

dx 2 

Hence for a* = ± 1, Fis minimum, Now 

a 4 a 2 
F = 

4 2 

Therefore, the minimum potential energy is (put a = 

±D 

(±i ) 4 (±i > 2 ii i. . 

F rain =-=-= - - joule 

mm 4 2 4 2 4 ' 

1 2 _ 1 2 

Maximum kinetic energy is K max = -W 0 max - "^max 


(v m = 1 kg). 

Given, total energy E = 2 joule. From E = V + K, we 
have 

1 1 2 

2 =- 1 

4 2 


which gives 


^max 


ms 


21. Let a be the compression of the spring. The kinetic 

1 2 V 

energy of the block j is used up in 

(i) imparting potential energy (= — A:a 2 I to the spring 

and V 2 ; 

(ii) doing work (=fx) against friction. Thus 


-mv 2 = ^rkx 2 + fx 
2 2 


1 


|x2x (4) 2 = — x 10,000 x .r 2 +1 5 jc 


5000a 2 + I 5a -16 = 0 

The two roots are a = 0.055 m and -0.058 m. Since 
fhe negative value of a is not permissible, 

a = 0.055 m = 5.5 cm 

100 m 


22. Average speed of athlete v = 


10s 


= 10 ms ! . Now 


2K 

kinetic energy K = —mv 2 => m = -—, where m is the 


v‘ 


mass of the athlete. Thus 


2 K 


( 10) 2 


K 

50 


Choice (a), (c) and (d) give absurd values of m. Choice 
(b) gives m in the range 40 kg to 100 kg. So the correct 
choice is (b). 

23. Let v be the velocity of the composite body. From 
conservation of momentum, we have 


0.5 x 2 = (0.5 + 1.0)z> => v = — ms 
Initial K.E. is K, = ]■ x 0.5 x (2) 2 = 1.0 J 


Final K.E. is K, = j(1.0 + 0.5)x 


1 


( 2 ) 2 

<3> 


J = -J 
3 


Loss of energy = 1.0 “~ = ^-67 J 

24. Potential energy stored in spring when the block B 

1 / 2 1 |2 

is moved through a distance a is L\= ~ k \ x =~ kx • 

When the block is released, it moves to the left, 
compressing the spring S 2 through a distance y. 
The potential energy stored in spring S 2 when its 

compression is y is U 2 = —k 2 y 2 = —(4 k)y 2 = 2 ky~. 

Since y is maximum compression of spring S 2 , from 
conservation of energy, we have L\ = U 2 , i.e. 

1 


- fct 2 = 2 ky 2 
2 


which gives 


y_ 

x 


\_ 

2 


25. Refer to the figure. Here OA = OB = OC = L and OD 
= OC cos 0 = L cos Q. Therefore 

h = OA - OD -L-L cos 6 
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or h = L (1 - cos 0). From conservation of energy, total 
energy at A = total energy at C, i.e. 

1 -> 1 (y\ 2 

— mv 1 = — /77 — + mgL (1 - cos 6) 

2 2 \2J 

1> 2 =-^(1 -COS0) (1) 

The minimum velocity the bob must have at A so as 

to reach B is v = y[5 .gZ. Putting this in Eq. (1), we get 

7 37T 

cos 0= . Therefore 0 lies between — and k. 

8 4 

26. While falling the velocity of the ball is negative as it is 
directed downwards. After the collision, the velocity is 
reversed and is positive as it is now directed upwards. 
Hence the correct choice is (a). 

27. The principle of conservation of momentum holds 
for both elastic as well as inelastic collisions. In a 
completely inelastic collision, the two particles stick 
together. 

m i _w m 2 _w_ m \ m 2 > 


Before collision 


777, ZY| + 777 2 U 2 = { m \ + W 2 )V 


After collision 


V = 


ttljUy + 777 2 77 2 P x +P 2 


777, + 777 2 


777, + 777 2 


v K.E. after collision = -(777, + m 2 )v 2 , which can be 
zero if v = 0 which is possible if 

Pi = -Pi 

This is not possible for two particles moving in the 
same direction. Hence the particles do not lose all 
their kinetic energy. So the correct choice is (a). 

a h 

28. U(x)= —^2 6 (') 

X X 


Force 


U (x= °°) = 0 
dU 


F = 


dx\x n x b 


( 12 a 6b 

F= -[-^ + V 


At equilibrium F = 0. Putting F = 0 in Eq. (2) we get 
s 2 a 

X 6 = — 


6 ^ u 

Putting x = — in Eq. (1), we get 

b 


U at equilibrium = 


a b _ b 2 

2a] 2 2a " 4a 

A b 


D = [Uatx = oo-U at equilibrium] 

( b 2 \ b 2 

= 0--= — , which is choice (d). 

4a) 4 a 

4 N 4 _i 

29. Slope of graph =-= — Ns . Therefore, 

3 s 3 

4 • f 

F = — t + 4 • Now change in momentum = J F dt 

3 

4.5s / * \ 


77 4 ^ 

v-0= - 1 + 4 dt 

l V 3 


or 2v= - + 41 =4.5 

^ o 

Which gives v = 2.25 ms -1 . Therefore, 

K.E. = ~ m ' v ~ = ~x2x (2.25) 2 


- 5.06 J, which is choice (c). 


30. F — A', x, = k 2 x 2 


1 r 

W,= ~k\X 2 = (Vi) 2 = — 

1 2 1 1 2k, 2 k, 


Similarly 


Wl 2k : 

W\ k 2 


It is given that W { >W 2 . Hence A 2 >A,. So Statement 2 is 
true. 

If the springs are stretched by the same amount x, then 

1 2 1 ^ 

W x = —k\X and W~> = —k^x . Hence 


rr | — ciuu rr -> — a 2 *v . i 

= kx_ 

w2 k 2 

Since k ] < k 2 \ W x < W 2 , so statement 1 is false. The 
correct choice is (a). 
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31. The maximum loss of kinetic energy occurs when the 
collision is perfectly inelastic, i.e. when the particles 
get stuck together after the collision. So Statement-11 
is correct. 

From conservation of momentum, 

nw + 0 = (m + M) V 
mv 

^ ^ (m + M ) 

Here V is the velocity of the composite body. 


Total K.E. before collision is 


1 1 

k ; = — mv +0 = — mv 
/ 2 2 


Total K.E. after collision is 

1 


.*. Loss of 


K, = -(m + M)V L 

1 ( 

= — (m + M) x 


mv 


v m + M 


1 m 2 v 2 

2 (m + M) 


K.E. = K t - K f 


1 nrv 2 


1 2 

= —mv - 

2 2 (m+M) 


= —mv 2 


1- 


m 


(m + M)\ 


f- 


M 


(m + M) 


M 1 

- x-mv 

(m + M) 2 


. So Statement-I is false. 


32. W= Jf.dr 

= J F x dx + J F y dy 

(0,o) , 

, K j Xdx 

(a. 0 ) 


(0 m) 


(x 2 +y 2 ) 312 


+ 




ydy 


Kci, 0 ) 


(x 2 +y 2 ) 3/2 


%* 2 +y 2 ) 


1/2 


(0 ,a)_K 

(a,0) 2 


, 2 . 2 .- 1/2 

(x +y ) 


(0 ,a) 

(a,0) 


= - 0-0 
= 0 

33. The momentum is maximum when kinetic energy is 
maximum. This happens when the entire potential 
energy of the compressed spring is transferred to the 
block, i.e. when 

- kL 2 = —Mv 2 
2 2 

here v is the maximum velocity imparted to the block 
and L is the length of the spring. Thus 

Mv 1 = kL 2 

MV = MkL 2 

p 2 = MkL 2 

p = L\I~Mk 

= 0.5 + V4x4 

= 2 kg ms 1 
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ROTATIONAL MOTION 


Chapter 



REVIEW OF BASIC CONCEPTS _ 

1. Centre of Mass of Discrete Particles 

For a system of particles, the centre of mass is defined as 
that point where the entire mass of the system is imagined 
to be concentrated, for considerations of its translational 
motion. 

If r,, r 2 , r 3 ,... r„ are the position vectors of masses m ,, m 2 , 
m 3 , ...m n respectively, the position vector of the centre of 
mass of the system is 

/?? | r, + /77 2 r 2 + m 3 r 3 H-h m n r n 


r CM r 


+ m 2 + m 3 + • • • + m n 


Z m ” r '< 


Z m » r » 


_ A r =l 


_ N -1 


M 


m. 


N=\ 


where M is the total mass of the system of particles. 
r CM is the weighted average of all the position vectors 
of the particles of the system, the contribution of each 
particle being proportional to its mass. 

For a system consisting of two particles, the centre of 
mass is 

+w 2 r 2 


r = 

cm 


m j + m 2 

If the masses are equal, i.e. m x = m 2 , then 

r cM = \ ( r i + r 2 ) 

which means that the centre of mass lies exactly in the 
middle of the line joining the two masses. 

EXAMPLE 1 Three particles of masses m l = m, 
and m 2 = 2m and m 3 = 2>m are placed at the corners of an 
equilateral triangle of side a as shown in Fig. 5.1. Locate 
the centre of mass of the system. 



► x 


SOLUTION Take any one particle to be located at 
the origin O. The x and y coordinates of m 2 , and m 3 

respectively are x, = 0 and y x = 0, .v 2 = a and y 2 = 0 and 

a , yf3a 
x 3 = ~ and T 3 = — 

fhe .v and y coordinates of the centre of mass are 

v _ nhx } + m-fX-y + nux-> 

^ C M ~ — LJ1 -— - 

m | + m 2 + m 3 


m xO + 2/wXfl + 3/77 x 


a 


2 _1 a 


and 


Tcm 


m + 2m -f 3/7? 

/77| y x + /77 2 y 2 + m 3 y 3 


12 


777, + 777 2 + 777 3 


777 X 0 + 2 777 X 0 + 3777 X 


\/ 3 a 


777 + 2777 + 3/77 


Vl a 


EXAMPLE 2 Four particles of masses 1 kg, 1 kg, 
2 kg, and 2 kg, are placed at the corners of a square of side 
12 cm as shown in Fig. 5.2. Find the position vector of the 
centre of mass of the system. 
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SOLUTION x CM = 


1x0+1x12 + 2x12 + 2x0 
1 + 1 + 2+2 


= 6 cm 

1 x0 + 1x0 + 2x12 + 2x12 
' VcM 1 + I + 2 + 2 

= 8 cm 

The position vector of the centre of mass is 


rcM = (6i + 8j) 


cm 


2. Centre of Mass of a Body having Continuous 
Distribution of Mass 

If a body has continuous distribution of mass, the position 
of its centre of mass is determined by dividing the body 
into a very large number of extremely small elements. If 
dm is the mass of the element and it is at a distance x and 
y from the origin of chosen coordinate system, then* and 
y coordinates of the centre of mass are given by 


X CM 


and 


Tcm 


J * dm 

J dm 
J y dm 

J 


EXAMPLE 3 Locate the centre of mass of a 
uniform rod of mass M and length L. 

'Q SOLUTION We assume that the rod lies along the 
x-axis with one end at origin O. 

M 

Mass per unit length ot the rod = — 

L 

Mass of element of length dx is [Fig 5.3] 


dx 

-<—► 


o 


rn: 


Fig. 5.3 


dm = — dx 
L 

The ^-coordinate of the centre of mass is 


| * dm 


X CM 


= 0 


i- 

1 


— i— x( j x = k 

M t L 2 


The centre of mass is at the centre of the rod. 
EXAMPLE 4 A non-uniform rod of length L is 
lying along the x-axis with one end at origin O as shown in 
Fig. 5.4. The linear mass density (i.e. mass per unit length) 
A varies with * as A = a + bx, where a and b are constants. 
Find the distance of the centre of mass from origin O. 


on 


dx 

£=e 


-► x 


-X-► 

- L 


Fig. 5.4 

SOLUTION Mass of element is dm = A dx = 
(a + bx) dx 

L 

J * dm 


X CM — 


\dm 


(i) 


L. L 

| * dm = 


{a + bx) x dx 


= a — + b 


aL 2 hi} 
- + - 


J* dm = —(3 a + 2 bL) 


(ii) 


And 


L 


dm 


{a + bx) dx = aL + 


= -(2 a + bL) 


bt 


(iii) 


Using (ii) and (iii) in (i), we get 

LGa + 2bL) 


X CM 


?>(2a + bL) 
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EXAMPLE 5 Locate the centre of mass of a 
uniform semicircular ring (or wire) of radius R and linear 
mass density A. 

© SOLUTION Let us take the centre of the ring at 
origin O. Consider a small element of arc length d! of the 
ring. Let 6 be the angle which the radius vector of the ele¬ 
ment makes with the jc-axis as shown in Fig. 5.5. 



Fig. 5.5 

Let dG be the angle subtended by the element at the 
centre. Then dl = R d6. Mass of the element is 

dm = fail = A RdO 

The x and y components of radius vector R are 
x = R cos 0 and y = R sin 6. Then 

K 

A/? 2 J(cos0)c/0 


X CM 


J x dm 

| dm 


K 


XR\de 


A R 2 
XRn 
R 


sin 6 |q 


= — (sin k— sin 0) = 0 
n 


n 


Tcm 


J ydm 
J dm 


A/C J (sin 6)dG 


K 


IR\ dd 


A.R 2 

XRk 


-cos 6 |o 


R t 2R 

=-(cos/r - cost); = — 


K 


K 


2 R 


Thus, the centre of mass is at a distance of — from 

K 

origin O on the v-axis. By symmetry, the jc-coordinate of 
centre of mass is x = 0 (i.e. at O). 

© EXAMPLE 6 A thin uniform semi-circular disc 
(or plate) has mass M and radius R. The ^-coordinate of the 
centre of mass of the disc is 


4 R 


(a) 

3 n 

(b) 

(c) 

2 R 

(d) 


K 


2 R 
3tt 

3 R 
2k 


SOLUTION We can solve this problem by using 
the result obtained above for a semi-circular ring. Let us 
take the centre of the disc at origin O (Fig. 5.6). 



Divide the disc into a large number of very small 
elements, each of width dr. Consider one such element at 
a distance r from O. 

Area of shaded part = nr dr 


Area of semicircular disc = 


nR ‘ 


M 2 M 

.*. Mass per unit area = -= —7 

nR 2 nR 2 


2 M , IMrdr 
Mass ot the element is dm = -r x nr dr = 


nR 


R 


Now, as shown in Example 5 above, this element can 
be treated as a ring of radius r. The ^’-coordinate of this 
2 r 

element is —. Hence the ^-coordinate of the centre of 
n 

mass of the semicircular disc is 

VCM M J K 

1 f 2r 2 Mr dr 
= — —x- - — 

Mi n 


0 


R 


R 


nR 


j ; * 2 dr 


0 


4 R 3 4 R 

—~ x — = —, which is choice (a). 


nR 1 3 3 n 

By symmetry, the jc-coordinate of the centre of mass is 
jc = 0 (i.e. at origin O). 
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3. Finding Centre of Mass of a System when a 
Part of its Mass is Removed 

Consider of system of mass M . If a mass m is removed, 
the remaining mass = M - m which may be written as 
M + {—in). Then the x and y coordinates of the centre of 
mass of the remaining portion arc given by 

_ Mx - mx' 


X CM 


and 


Tcm 


M - m 

_ My - my' 
M - m 


where x and y are the coordinates of the centre of mass of 
the complete part and x and y arc the coordinates of the 
centre of mass of the removed part. 

@ EXAMPLE 7 Four particles, each of mass 1 kg, 
are placed at the corners of a square of side 12 cm. If mass 
/?? 3 is removed, find the shift in the centre of mass of the 
system (see Fig. 5.7). 



SOLUTION As shown in Example 2, the x and y 
coordinates of the original system are jc cm = 6 cm andy CM = 
6 cm 

If mass m 3 is removed, the x and y coordinates of the 
centre of mass of the remaining system are 


/ 

1 x 0 + 1 x 12 x 1 x 0 

= 4 cm 

1 C M 

1 + 1 + 1 

y cm 

1 x 0 + 1 x 0 + 1 x 12 

= 4 cm 

1 + 1 + 1 


Thus 

and 


r = 


r 

shift Ar 


6 i + 6 j 

A A 

4i + 4j 

r-r' = (6i + 6j)-(4i + 4j) 

A A 

= 2 i + 2 j 

EXAMPLE 8 From a uniform thin disc of radius R 
and mass M , a circular portion of radius r = R/2 is removed 
as shown in Fig. 5.8(a). Find the centre of mass of the 
remaining part of the disc. 





-► x 


SOLUTION Let the centre of the disc be at origin 
O. The centre of mass of the complete disc will be at O (by 
symmetry) and its jc andy coordinates arc (0, 0). Mass per 

M 


unit area of the disc = 
portion is 


kR 


. Therefore, mass of removed 


m = 


M 

kR : 


x 7i r = 


M_ 

71 R‘ 
M 


R 

x/ri — 
2 


The x and y coordinates of the centre of mass of the 
removed portion are 

p 

x = r — — and y' — 0 
2 

The* and^y coordinates of the remaining portion (shown 
shaded) are 

A M R 

M x 0-x — 

4 2 


*CM “ 


Mx - mx' 
M - m 


M - 

R 

6 


M 


y cm 


My— my' 
M - m 


Mx 0- —xO 


M- 


M 


= 0 


The negative sign of x CM indicates that the centre of 
mass of the remaining portion is located at a distance Rf6 
towards the left of the center O of the complete disc. 

A l tern a five Met ho cl 

It is clear that centre of mass of the remaining portion of 
the disc will shift to the left of O. Let G be the centre of 
mass of the remaining portion of the disc (Fig. 5.8(b). Let 
OG = x. Equating the moments of Mg and mg about G, 
we have 
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Mg x OG = mg x O'G 

.. M (R 
Mxx = — x — + x 
4 12 

jc = — 

6 

Thus the centre of mass shifts by R/6 to the left of O. 
EXAMPLE 9 From a thin uniform square lamina 
of side a a square of side a/2 is removed from its corner as 
shown in Fig. 5.9. Find the centre of mass of the remaining 
portion (shown shaded) of the lamina. 





► x 


Fig. 5.9 

SOLUTION Let M be the mass of the complete 

M 

lamina. Mass of the removed portion is m = —. The cen¬ 
tre of mass of the complete lamina is taken to be at origin 
O (jc = 0 , y = 0 ). The coordinates of the centre of mass O' 

of the removed portion are x = — and y' = - — . 

4 ' 4 

The x and y coordinates of the centre of mass of the 
remaining portion arc 


X CM 


M / M x 0- —x — 
Mx — mx _ 4 4 


M - m 


M- 


M 


a 

12 


and 


M , M x 0 - — x - — 

My-my _ 44 a 

y cm —r:--- n -- + tt 

M-m A/f M 12 

M - - 


4. Velocity and Acceleration of Centre of Mass 
of a System of Particles 

If r„ r 2 ,... r n are the position vectors of masses m 2 ,... 
m tr respectively, the position vector of the centre of mass 
of the system of particles is given by 
777,1*, + m 2 r 2 4- —h m n r n 


r CM 

tw, + m 2 h-1- m n 

The velocity of the centre of mass is given by 


V CM 


_ ^CM _ 


nu 


c/r, 

dt 


+ m 


dr 2 
dt 


H-h m. 


dr„ 

dt 


V CM 


dt m x + m 2 ■+■ —h m n 

m ] v ] + m 2 v 2 + • • • + m n v /? 


m x + m 2 H- 1 - m n 

The acceleration of the centre of mass is given by 


•cm = 


^ /V CM _ 


d\ x d\- 
iw. — + - 

1 dt - dt 


H-+/77. 


dv t 

dt 


a CM = 


dt /77, + m 2 -v -h /77„ 

777,a ] + 777 2 a 2 +-“+ 777„a / , 


or 


a CM 


777, + 777 2 H-h 777 /? 

_ f,+f 2 +- + f„ If 


ext 


777, 4" 777-> H-h 777 /? 


M 


If F ext = 0, then a CM = 0, i.e v CM = constant. Hence 

if no net external force acts on a system , its centre of mass 
will remain at rest or will move with a constant velocity. 

@ EXAMPLE 10 A boy of mass m = 50 kg stands at 
the end A of a flat plank AR of wood of mass M= 100 kg 
and length /= 10 m floating in the still water in a lake. The 
end B of the plank is at a distance of 30 m from the shore 
of the lake as shown in Fig. 5.10. The boy walks a distance 
of 6 m on the plank towards the shore. How far is the boy 
from the shore now? Neglect viscosity of water. 


Plank 


Shore 


4 




cu 


(x = 0 ) 


30 m 


«— 10 m 


Fig. 5.10 


SOLUTION Initially the centre of mass of the 
system (plank 4- boy) is at rest. To walk, the boy exerts a 
force in the backward direction. The plank in turns exerts 
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a reaction force on the boy in the forward direction. These 
forces are internal to the system. Since no external force 
acts, the centre of mass of the system remains at rest even 
when the boy walks on the plank. 

Let the shore be at the origin O (x = 0). Initially let x 
be the distance of the centre of mass of the plank from 
O. Then the distance of the centre of mass of the system 
(plank + boy) from O will be 

M xx + mx (30 +10)1 OO.v + 50 x 40 
XcM ~ M + m ~ 100 + 50 


1 OO.v+ 2000 
150 


Since the boy moves towards the shore and the centre 
of mass of the system has to remain at rest, the plank will 
move away from the shore. Ifx'is the distance moved by 
the plank, the distance of the centre of mass from the shore 
when the boy walks 6 m on the plank is given by 


X CM 


Since x CM x CM , 

1 OP*+ 2000 
150 


\00(x + x') + 50(40-6 + 
100 + 50 

10 O.v + 150.V + 17 00 
150 

100.V + 150.v' + 1700 


.v = 


300 

150 


150 


= 2 m 


Distance of the boy from the shore = 40 - 6 + 2 = 
36 m. 

Q EXAMPLE 11 A car of mass 1000 kg is moving 
with a velocity of 10 ms 1 towards another car of mass 
1500 kg moving with a velocity of 15 ms 1 in the same 
direction. Find the velocity of the centre of mass of the 
two cars. 



SOLUTION 


y _ m [ v l + m 2 v 2 _ 1000 x 10 +1500 x 15 
/w, + m 2 1000 + 1500 

= 13 ms " 1 


5. Momentum Conservation and Centre of 
Mass Motion 

We have seen that 

X Fext = M&CM = M ^ (■ M' V CM ) 

at at 



aIP 
dt 


where P = Mv cm is the total linear momentum of the system 
ofparticles which is equal to the product of the total mass 
of the system and the velocity of the centre of mass. 


If 5>ex, =0, ^=0 


dt 


P = constant. 


Thus, if no net external force acts on a system, the total 
linear momentum of the system remains constant; the 
total linear momentum being the vector sum of linear 
momentum of individual particles, i.e. 

P= P, + P 2 + +P„ 

© EXAMPLE 12 A boy of mass m = 40 kg is standing 
on a stationary long plank of mass A/ = 260 kg floating on 
still water in a lake. He starts running with a velocity v = 
6 ms 1 relative to the plank. Find the velocity of the boy 
relative to a stationary observer on the bank of the lake. 

© SOLUTION Since the system (boy + plank) is ini¬ 
tially at rest, its momentum is zero. Since no external force 
acts on the system, the momentum of the system will re¬ 
main zero. Let us assume that the boy runs in the positive 
.v-direction. 

Velocity of boy relative to the plank is 


Now 

where 

and 

Hence 


v b P = 
v b P = 
v b = 


v p = 


= VI 


V b“ V P 


velocity of boy relative to 
ground 

velocity of plank relative to 
ground 


v b= v b P +v p 


= Vl + V p l 


= (V + V n )l 


Total momentum of plank + boy = 0 


A/V p + ;/7V b = 0 


Afu p i + mv b i = 0 


Mv p i + m (v + v p ) \ = 0 


which gives 


m v 

v D = - 

7 M + m 


Velocity of boy is \ b = 


v - 


mv 


\ 


M + m 


i = 


Mv ; 

1 


M + m 


f 260 x 6 ^ 


260 + 40 


= 5.2 i ms 


-l 
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Hence the velocity of boy relative to a stationary 
observer is 5.2 ms -1 in the direction along which the boy 
is running. 

6. Torque 

If a force F acts on a particle P whose position vector with 
respect to the origin of an inertial reference frame is i\ the 
torque f acting on the particle with respect to the origin 
is defined as [Fig. 5.11 ] 

x = r x F 

In terms of magnitudes, 

x = r F sin 9 = F (r sin 9) = Fr ± 

where 9 is the angle between vectors r and F. 

Torque x is a vector quantity. Its magnitude is given by 
X = rF sin 9\ its direction is normal to the plane containing 
vectors r and F and can be determined by the right-hand 
screw rule. 



Fig. 5.11 

Unit of Torque Torque has the same dimensions as those 
of work (both being force times distance) viz. ML 2 T 2 . 
The two are, however, very different quantities. Work is a 
scalar, torque is a vector. To distinguish between the two 
we express work in joules and torque in newton-metre 
(N m). 

Couple 

Two equal antiparallel forces having different lines of 
action constitute a couple. 

The moment of couple or torque = Fr 1 (Fig. 5.12) 

= magnitude of either force x perpendicular distance 
between the two antiparallel forces 



F 

Fig. 5.12 


Work done by torque 

If a force F acts on a rigid body at perpendicular r ± from 
the axis of rotation, the work done by the force in rotating 
the body through an angle A 9 is given by 

AW = Fr ± A9 = T A9 

= magnitude of torque x angu¬ 
lar displacement 

^ dW d9 

Power = - = r —= Tto 

dt dt 

where (o is the angular velocity. 

© EXAMPLE 13 A force F = (2i+3j) newton acts 
on a particle whose position vector with respect to origin 
O is r = (4i - 5j) metre. Find the magnitude and direction 
of the torque. 

© SOLUTION x = r x F 

= (4i - 5j) X (2i + 3 j) 

A A A A /V A A A 

= 4ix2i + 12ixj-10jxi-15jxj 
= 0 + 12 k + 10k-0 

A 

= 22 k newton metre 

The magnitude of torque is 22 Nm and its direction is 
along the positive z-axis. 

(Q EXAMPLE 14 A rectangular plate OPQR of 
dimensions 2 m x 3 m lies in the x-y plane as shown in 

Fig 5.13. A force F= (3i + 5j) newton is applied at point 
O. Find the torque of F (a) about origin O , (b) about point 
P and (c) about .v-axis, j-axis and z-axis. 



Fig. 5.13 


SOLUTION 


(a) r = OQ = (3i + 2j) metre 

Torque about O is 
T 0 = r x F 


= (31 + 2j) x (31 + 5 j) 


A A A A A A A A 

= 9ixi + 15ix j + 6 jxi + 10jx j 
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= 0+ 15k-6k+ 0 = 9k Nm 

(b) Torque about P is 

T r =PQxF 

= 2jxF 

= 2 j x (3i + 5 j) = - 6 k Nm 

(c) Torque about x-axis is 

T v = T 0 . i = 9k i =0 
Torque about >’-axis is 

A A A 

T V = T 0 . j = 9k j =0 
Torque about z-axis is 

T. = z 0 k = 9k k =9 Nm 

7. Angular Momentum 

The angular momentum L of a particle P with respect to 
the origin of an inertial reference frame is defined as [Fig. 
5.14] 

L = r x p 

where r is the position vector of the particle and p its linear 
momentum. In terms of magnitudes, 

L = rp sin 6 = r { x p 

where 6 is the angle between vectors r and p. The 
dimensions of angular momentum are (ML 2 T ') and its 
SI unit is kg mV 1 . 

The direction of L is perpendicular to the plane 
containing the vectors r and p and its sense is given by the 
right-hand rule. 



(QJ EXAMPLE 15 A body ofmass/w = 200 g is moving 
parallel to theje-axis with a velocity v = 30 ems " 1 in the x-y 
plane as shown in Fig. 5.15. Calculate the magnitude of its 
angular momentum about origin O at any time /. 




SOLUTION 


Magnitude of angular momentum 

= r lP 


= r l mv 
= OB x m xv 


= 0.15x0.2x0.3 
= 9 x 10 3 kg m 2 s _1 

EXAMPLE 16 A body of mass m = 200 g is 
projected with a velocity u = 5 ms"'at an angle 6 = 30° 
with the horizontal. Calculate the magnitude of the angular 
momentum of the body about the point of projection when 
it is at the highest point of its trajectory. Take g = 10 ms 2 . 

© SOLUTION Refer to Fig. 5.16. At the highest point 
A , the body has only horizontal velocity 

v = u cos 0 


h 

"max 


ic sin 2 6 

2 g 



Magnitude of angular momentum of the body about O 
when it is at point A is 

L = mv x OB 


= mv x h 


max 


= m u cos 0 x 


u sin “0 


2 g 

mu sin" 0 cos 9 
2 g 


0.2 x (5 ) 3 x sin 2 (30 o )cos(30°) 
2 x 10 
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0.2 X 125 X - X — 
_ 4 2 

20 


= 0.27 kg m 2 s 1 


EXAMPLE 17 A particle of mass m is moving in a 
horizontal circle of radius r with kinetic energy K and time 
period T. The magnitude of the angular momentum of the 
particle about the centre of the circle will be 

KT 


(a) L = KT 

(b) L = 

KT 

(c) L = 

(d) L = 


n 


2 

KT 
2 n 


SOLUTION Speed of particle is v = rco = 


2 nr 
T 


Kinetic energy is K = —mv 2 = —m 

2 2 


( 2k r > 
T ) 


which gives 


K = 


2n~ mr 2 
T 2 


Magnitude of angular momentum is 

(2nr N 


L = mvr = m 


\ T 


2nmr 


r = 


(0 


(ii) 


m k V 

/ V ml) 


ic_ 
ml 3 


When 





8. Relation between Torque and Angular 
Momentum 

In linear motion, the relation between force E and linear 
momentum p is 

F = — 
dt 


In rotational motion, the relation between torque T and 
angular momentum L is 

dL 

T = - 

dt 

which states that the torque acting on a particle is equal to 
the rate of change of angular momentum. 

9. Angular Impulse 

In linear motion, impulse I is defined as 

I = F dt 


KT 

From (i) and (ii) we find that L = -, which is choice (c). 

n 

EXAMPLE 18 A body of mass m and length / is 
whirled in a horizontal circle with a uniform speed v. 
I'he tension in the string is T. The length of the string is 
gradually reduced such that the angular momentum of the 
body about the centre of the circle remains constant. At 
the instant of time when the length of the string is // 2 , the 
tension in the string will be 

(a) T (b) IT 

(c) 4 T (d) 8 T 

SOLUTION For uniform motion in a horizontal 
circle, the tension in the string is equal to the centripetal 
force. 


T = 


mv 2 


r 


mv‘ 


(v r = l) 


Angular momentum about the centre of the circle is 
L = mvr = mvl = constant = k (given) 
k 

v = — 

ml 



= d p = change in linear momentum 


In rotational motion, angular impulse J is defined as 

J = i dt 


dL 

dt 


dt 


= d L = change in angular momentum 


10. Law of Conservation of Angular Momentum 

If no external torque acts, the total angular momentum of 
a body or a system of particles is conserved. 

We have seen that the rate of change of angular 
momentum of a particle is equal to the torque produced 
by the total force. If, in a certain situation, the 
torque itself vanishes, then it follows that the angular 
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Shape of body 

Axis of Rotation 

Expression for 
Moment of Inertia 

1. 

Circular ring of mass M and radius R 

(i) through centre, perpendicular to plane 
of ring 

MR 2 



(ii) any diameter 

(1/2) MR 2 



(iii) any tangent in the plane of ring 

(3/2 ) MR 2 



(iv) any tangent perpendicular to plane of 

2 MR 2 



ring 


2. 

Circular disc of mass M and radius R 

(i) through centre, perpendicular to plane 
of disc 

(1/2) MR 2 



(ii) any diameter 

(1/4) MR 2 



(iii) tangent in the plane of the disc 

(5/4 ) MR 2 



(iv) tangent perpendicular to 
plane of disc 

(3/2) MR 2 

3. 

Sphere of mass M and radius R 

(i) any diameter 

(2/5) M R 2 



(ii) any tangent plane 

(7/5) MR 2 

4. 

Hollow sphere of mass M and radius R 

(i) any diameter 

-MR 2 

3 



(ii) any tangent plane 

- MR 2 

3 

5. 

Cylinder of mass M , radius R and length L 

(i) own axis 

(1/2) MR 2 


6. One dimensional rod of mass M and length L 


1. Rectangular lamina of mass M, length L and 
breadth B 


(ii) through centre perpendicular to length 

(iii) through end faces and ± to length 

(i) centre of rod and _L to length 

(ii) one end and _L to length 

(i) length of lamina and in its plane 

(ii) breadth of lamina and in its plane 

(iii) centre of lamina and parallel or to 
length or breadth in its plane 

(iv) centre of lamina and J_ to its plane 

(v) centre of length and _L to its plane 

(vi) centre of breadth and _L to its plane 


M 


f R 2 


L 
- + - 

4 12 


2 \ 


M 


( R 2 




L 
—b 

4 3 


2 \ 


ML 2 I\2 
ML 2 /! 
M B 2 /3 

ML 2 /! 


MB 2 

~L2~ 


or 


M 


r L 2 +B 
12 


MU 

~V2 

2 \ 




M 


M 


U 2 B 2 ^ 
+ 

v 12 3 


f L 2 K 2 ' 
+ 

3 12 
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19. Kinematics of Rotational Motion with 
Constant Angular Acceleration 

Consider a body rotating with an initial angular velocity co 0 . 
It is given a constant angular acceleration a (by applying a 
constant torque) for a time t. As a result it acquires a final 
angular velocity co and suffers an angular displacement 6 
in time /. The equations of rotational motion are 

co = co 0 + at 

I ? 

6 = (o,{ + -ar 
0 2 

and 2a0 = or - coj 

(Q? EXAMPLE 19 The moment of inertia of a uniform 
circular disc of mass M and radius R about an axis passing 

1 o 

through its centre and perpendicular to its plane is — MR . 
Find the moment of inertia of the disc 


(a) about any diameter 

(b) about an axis passing through a point on the edge of 
the disc and perpendicular to the disc 

(c) about a tangent in the plane of the disc. 

3 SOLUTION The plane of the disc is the x-y plane. 

(a) Using perpendicular axes theorem [Fig. 5.17(a)] 


= - MR 2 + MR 2 = - MR 2 
2 2 

(c) Using parallel axes theorem [Fig. 5.17(c)] 

I ef = l y + MR 2 

= - MR 2 + MR 2 = - MR 2 
4 4 


EXAMPLE 20 A thin uniform disc of mass M and 
radius R has concentric hole of radius r. Find the moment 
of inertia of the disc about an axis passing through its 
centre and perpendicular to its plane. 

Q SOLUTION Mass per unit area of the disc is 
[Fig. 5.18] 

M 


m = 


k[r 2 - r 2 ) 


Mass of the disc if it was complete (i.e. without hole) 
is 

A/, = m x kR 2 = , ^ x nR 2 


k[r 2 -r 2 ) 
M R 2 

~r^7 





(a) 


(b) (c) 

Fig. 5.17 


4 + Wx 

Now L = I c = ^ MR 2 (given). 

From symmetry J y = 7 V . 

2/, = - MR 2 => I = I = - MR 2 
* 2 x y 4 

(b) Using parallel axes theorem [Fig. 5.17(b)] 

I ab =I z + M(CD) 2 
= I c + MR 1 


Mass of the removed portion is 
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iy 2 Mr 1 

M 2 = m x nr = 2 2 

Since the two portions are concentric, the moment of 
inertia of the given disc about the given axis is 


/ = - A /,/? 2 - — A/o r 2 
2 2 2 


\_ 

2 

M 


MR' 


Mr 


R 2 - r 2 


R 4 - r 4 
/? 2 - r 2 


R 2 - r 2 


- m(r 
2 V 


2 4- r 2 


EXAMPLE 21 Find the moment of inertia of a thin 
uniform rod of mass M and length L about an axis passing 
through its centre and making an angle 6 with the rod. 

© SOLUTION Divide the rod into a very large num¬ 
ber of extremely small elements each of length dx. Con¬ 
sider one such element at a distance x from the centre O of 
the rod (Fig. 5.19). 



Perpendicular distance of the element from the axis of 
rotation is 

r = OA = x sin 9 

Moment of inertia of the rod about the given axis is 

M . . . -v.2 


I = J dm r 2 = J- — dx x (jc sin 0) 

L 

M sin 2 9 r 2 2 i 
- J x dx 


L 

A/sin 2 0 


X =-L 
* 2 


L 


x 


+L/2 


-L/2 


ML' 
~V2 


sin 2 6 


If 0=90°,/ = 


ML 

12 


EXAMPLE 22 The radius of gyration K of a hollow 
sphere of mass M and radius R about a certain axis is equal 
to R. Find the distance of that axis from the centre of the 
sphere. 

© SOLUTION Let x be the distance of the axis from 
the centre of the sphere [Fig. 5.20]. From parallel axes 
theorem 

Ixy = Iab + Mx 2 

=> MK 1 = - MR 1 + Mx 


Given 


K = R. Hence 


R 2 = -R 2 + x 2 =>* = 


R 

73 



EXAMPLE 23 Figure 5.21 shows a section (a part) 
of circular disc of radius R. The mass of the section is M. 
Find the moment of inertia of the section of the disc about 
an axis passing through its centre O and perpendicular to 
its plane. 



Fig. 5.21 

SOLUTION Area of the section 

. D 2 9 R 2 9 

A = kR x 


2k 2 
where 6 is in radian [Fig 5.22]. 
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w M 

Mass per unit area = — 

A 

2 M 


Re 


e 


Area of strip is dA = (x(x + dx) 2 - kx 2 ) x — 

Q 

— 2k xdxx — = (xdx)O 
2k 

Mass of strip is dm = x dA = x (xdx) 9 


R 2 0 


R 2 9 

2M 

R 2 


xdx 


.*. Moment of inertia of the section about the given axis is 

2 M R 


I = J dm.C = —— J x dx 


o 

= -MR 2 
2 

EXAMPLE 24 Two particles of masses m , = 1 kg and 
m 2 = 2 kg arc connected by a rigid bar of length L = 1.2 m 
of negligible mass. The system rotates about an axis 
perpendicular to the rod and at a distance x from mass /??,. 
Find the value of.v for which the moment of inertia about 
the given axis is minimum, what is the minimum moment 
of inertia? 


SOLUTION From Fig 5.23, it follows that 

2 

|jr + m 2 


T 2 

/ = m ijc + nu (L - x) 


(0 


i l / ■> j 

I will be minimum if — =0 and —- > 0 


dx 


dx 1 




m. 


(Z.-x) 


m 2 


Fig. 5.23 


Differentiating (i) 

dl_ 

dx 


x = 


2m x x + 2m 2 (L — x) (- 1 ) = 0 (ii) 
nuL 2 x 1.2 


m { +m 2 (1 + 2 ) 


= 0.8 m 


Differentiating (ii) 

d 2 I 
dx 2 


2m , + 2 m 2 , which is positive for 
any value of x. 


Substituting x in (i), we have 


f 


Allin = m \ 


m 2 L 


\2 


^ m ] + m 2 


+ m 


L - 


m~>L 


//?, + m 2 ) 


_ m \ 


m 2 L 2 1 x 2 x (1.2)' 


m ] + m 2 


1 + 2 

= 0.96 kg nr 


EXAMPLE 25 A giant wheel of radius 2.0 m and 
mass 100 kg is initially at rest, (a) What torque should be 
applied to it so that it acquires frequency of 300 r.p.m. in 
10 s? (b) Find the kinetic energy when it is rotating at 300 
r.p.m. 

© SOLUTION Given co 0 = 0. v = 300 r.p.m. = 3 °° 
= 5 Hz. Therefore 

co = 2 /rv= 10 /rrad s 1 and t = 10 s 
Using co = co 0 + at , we have 10/r = 0 + 10a 
=> k rad s 2 


60 


a 


(a) Torque required is z = Ja = 


/ 1 ^ 
- MR 2 
2 


a 


M 


-x 100 x 2 2 \ xk 
2 


= 200k = 628 Nm 


1 ? 1 / 

(b) K.E. = -Ico~ = - x 
2 2 


— x 100 x 2 2 
2 


\ 


x ( 10 /r)‘ 


= 10V = 9.9x 10 4 J 


EXAMPLE 26 A stationary horizontal uniform 
disc of mass M and radius R is free to rotate about an axis 
passing through its centre and perpendicular to its plane. 
A torque r = aO + h is applied to it, where 0 is the angular 
displacement and a and b are positive constants. Obtain 
the expression for the angular velocity of the disc as a 
function of 0. 

SOLUTION r= fa 


or 


r 

a = — 
I 


dco 

a9 + b 

dt 

I 

dco dG 

ct9 + b 

dG dt 

I 

CO dco = 1 

(aG + b 


Integrating 


dO = -Qd0 + -dQ 

I I 


to 


J COdCO = yj 9dd + yj dd 
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CO 


a fir bQ 
I 2 / 


= iJjiaO 2 + 260 ) 


v/ = 




EXAMPLE 27 A thin uniform rod /l# of mass A/ 
and length L is hinged at one end to the horizontal floor. 
Initially it stands vertically. It is allowed to fall freely in 
a vertical plane. 

(a) What is the angular acceleration of the rod when it is 
at an angle 0 with the vertical? 

(b) With what linear speed will the end B hit the floor? 

O SOLUTION 

(a) The entire mass of the rod acts at its centre of mass C. 
AC = L! 2. The magnitude of the torque due to weight 
Mg is 

T = Mg x r ± 

= Mg x AD = Mg x ^ sin G 



Moment of inertia of the rod about A is / = 


ML 


. . . . r MgL sin G x 3 

Angular acceleration a = — = —---— 

/ 2 x Ml} 

3gsin6> 

L 

(b) When the end B hits the floor, the vertical distance 
through which C falls is L! 2. From the law of 
conservation of energy, 

Loss in P.E. = gain in K..E 


L 1 . 2 1 

Mg x — = - I(o = - 

2 2 2 


ML 


2 \ 


ar 


co- l 3g 


Linear speed of end B = Leo = yJlgL 

EXAMPLE 28 A particle of mass m is released 
from rest at point P located at a distance x 0 from origin O 
on the .Y-axis as shown in Fig. 5.25. It falls vertically along 
the negative y-axis. 

(a) Find the magnitude and direction of the torque acting 
on the particle at time / when it reaches point Q 
whose position vector with respect to O is r. 

(b) Find the magnitude of the angular momentum of the 
particle about O at this time t. 

(c) Show that, in this example, T = 



Fig. 5.25 


SOLUTION 


(a) The torque is due to force of gravity F = mg. The 
magnitude of the torque of F about O is 
T = rF sin 6 = r mg sin# 


rmg 




v sin G = — 
r 


=> T = mg x 0 

From right hand rule, the direction of the torque is 
into the page . 

(b) The magnitude of angular momentum about O is 

L = rp sin# = rmv sin0 

From v = u + at we have v = 0 + gt = gt. Therefore 

, x o 

L = rm x gt x— = mg x 0 t 

r 

(c) ^ = 4( rngx 0 t) =mgx 0 -T 

at at 

20. Rolling Motion without Slipping 
(1) Total Kinetic Energy 

The total kinetic energy of a body which is moving as well 
as rotating is equal to the sum of translational K.E. and 
rotational K.E., i.e. 
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K = — mv 2 + — Ico 2 
2 2 

where m = mass of the body, v = linear velocity of its 
centre of mass, / = moment of inertia of the body about 
an axis passing through its centre of mass and co = angular 
velocity of rotation. 

(2) Instantaneous Velocity of a Point on a Rolling 
Body 

Consider a wheel of radius R(= AC = BC) rolling without 
slipping on a horizontal rough surface (Fig. 5.26). 



Every point on the wheel has instantaneous velocity. 
For a point P at a distance r from the centre of mass C, 
the instantaneous velocity is the vector sum of velocity v 
of the centre of mass and tangential velocity v, of point P 
relative to the centre of mass, i.e. 

= V + V, 

where v t = r(0. Vector v, is directed along the tangent to the 
circle of radius r about C. 

For point A,v t = Rco and v = rco. Since these velocities 
are in the same direction, the instantaneous velocity of A is 

v A = v + v, = Rco + Rco = 2 Rco 

For point B in contact with the horizontal surface, 

v B = v + v t = Rco - Rco = 0 

If a body rolls on a surface without slipping, the 
instantaneous velocity of the point of contact with the 
surface is zero. 



F-f=Ma cu 

r n , lCt 

z = fR = la => f= — = — 

R R 2 

From (i) and (ii), acceleration of centre of mass is 

F 


(0 

(ii) 


a CM ' 


M 


and 


/ = 


1 +- y 

V MR “ 

F 


1 + 


MR 

~l 


2 \ 


2f 

For a disc / = — MR 2 => a ( M = - 

2 3 M 


For a ring / = MR~ => # CM = 


F 


2 M 


For a solid cylinder / = ^ MR 2 


a CM 


For a hollow cylinder / = MR 2 => a CM = 


IF 
3 ~M 
F 


2 

For a solid sphere / = — MR - 

2 

For a hollow sphere / = — MR" 

3 


a CM 


2 M 

5 F_ 
1M 

3 F 


a CM 


5M 


If the force is applied tangentially to the body as shown in 
Fig. 5.28, then 


(3) A Body Rolling without Slipping on a Rough 
Horizontal Surface 

Horizontal force F is applied at the centre of mass of 
a body (disc, ring, cylinder or sphere) of mass M and 
radius R (Fig. 5.27) on a rough horizontal surface. If / is 
the frictional force, and the body rolls without slipping 
a cu = a K- 
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IF 


a CM ~ 


and 


/ = 



L i ' 

M 

1 + 


\ MR 2 J 

1 

I \ 

F 

1 , 

\ 

mr- y 


1 + 


MR 


(4) A Body Rolling without slipping on a Rough 
Inclined Plane 


A body (ring, disc, cylinder or sphere) of mass M and 
radius R is rolling (without slipping) down a rough inclined 
plane of inclination 0(Fig. 5.29). 



For linear motion parallel to the plane 

Mg sin 9-f = Ma (i) 

where a = linear acceleration of the centre of mass. 

For rotational motion about the axis through the centre of 
mass 

r = 1 a 


Rf = la => 

la la 


f= 


R R 


(v a = Ra) (ii) 


/ is the moment of inertia about the centre of mass. 
Using (i) and (ii), wc get 


a = 


gsin 9 


1 + 


MR 2 J 


For a ring I = MR 4 


gsin 9 
a = - 


1 

For a disc I = — MR~ 
2 


2 gsin 6 
a = - 


For a solid cylinder / = ^ MR 4 


2gsin 9 
a = - 


For a hollow cylinder / = MR' 


g sin 9 
a = - 


For a hollow sphere / = y MR' 


3gsin 9 

a = —- 

5 


For a solid sphere / = 


Frictional force is/ = 


- MR 2 
5 


_ 5g sin 9 


7 


la _ Mg sin 9 


R 


1 + 


MR 


2 \ 


Condition for rolling without slipping 

To prevent slipping, /< pN, where p is the coefficient 
of static friction between the body and the plane and 
;V = Mg cos 9 is the normal reaction. 

Hence to avoid slipping. 


Mg sin 0 


1 + 


MR 


< p Mg cos 9 


I 


F > 


tan# 


1 + 


MR 


2 \ 


(Q EXAMPLE 29 A solid cylinder of mass M and 
radius R is released from rest from top A of an inclined 
plane of height h and inclination 9 as shown in Fig. 5.30. 
I he cylinder rolls without slipping. Find (a) the speed at 
which it reaches bottom B of the plane and (b) the time it 
takes to reach B. 



SOLUTION 


The acceleration of the cylinder is 


a = 


gsin# 



2 gsin# 

^T 




\ 

/ 


Distance travelled is s = AB = 


h 


sin 9 


(a) Using v 1 - u~ = las , we have 


v 2 - 0 = 2 x 


2 g sin 9 


h 

sin# 




A 

A 


h 
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Speed v can also be found from the law of conservation 
of energy. As the cylinder moves from A to B , it loses 
P.E. and gains K.E. 

Loss in P.E. = gain in K.E. 


or 


Mgh = - Mv 2 + - lor 
2 . 


Now 


I = — MR 2 and 0 ) = — . Therefore 
2 R 


Mgh = - Mv 2 + - x - MR 2 x (— 

2 22 \RJ 


— Mv 2 

4 


v = 


1 gh_ 
V 3 


(b) From v = u + at , we have 


4 gh_ =Q+ 2gs\n0 ! 



1 


g sin 9 


iQ EXAMPLE 30 A billiard ball has mass M = 250 g 
and radius R = 2.5 cm and is initially at rest. A rod held 
horizontal at a height h above centre C hits the ball. The 
ball begins to roll without slipping. Find the value of /? 
[see Fig. 5.31]. 


CO 



Fig. 5.31 

SOLUTION The horizontal force F imparts a linear 
impulse 


/ = J Fdt = change in linear momentum 


=> I = Mv - 0 = Mv = MRco (i) 

where v is the velocity of the centre of mass of the ball. 
Since it rolls without slipping, v = R(», where co is the 
angular velocity. 

The torque due to F imparts an angular impulse 

J = / h = change in angular momentum 
= I co - 0 = Ico 


or 


Ih = [-MR 1 | co 
5 



Dividing (ii) by (i) 


A- 5 


— MR 2 o) 


2 R 2x2.5 cm 


M R co 


= 1.0 cm 


EXAMPLE 31 A turntable of radius R = 10 m is 
rotating making 98 revolutions in 10 s with a boy of mass 
m = 60 kg standing at its centre. He starts running along a 
radius. Find the frequency of the turntable when the boy is 
4 m from the centre. The moment of inertia of the turntable 
about is axis 1000 kg m . 

© SOLUTION Initial moment of inertia of the system 
is 


A/, = M.I. of turntable + M.I. of boy at the centre 
= 1000 + 0= 1000 kg m 2 
Initial frequency v, =9.8 rev/sec 

Final moment of the system is 

M 2 = M.I. of turntable + M.I. of boy at a distance 4 m 
from the centre of turn table 

= 1000 + 60x( 4) 2 = 1960 kg m 2 
Since no external torque acts, the angular momentum of 
the system is conserved, i.c. 

I 2 co 2 = I x co x => / 2 v 2 = f l v [ 


I ] v ] 1000x9.8 r 

v-> = L =- = 5 rev/s 

1 2 1960 

= 5 Hz 

EXAMPLE 32 A uniform rod AB of length L = 1 m 
is sliding along two mutually perpendicular surfaces OP 
and OQ as shown in Fig. 5.32. When the rod subtends an 
angle 9= 30° with OQ , the end B has a velocity V 3 ms '. 
Find the velocity of end A at that time. 

P 



Fig. 5.32 

SOLUTION OB = x, OA = y and x 2 + y 2 = L 2 and 
x = L cos 9 

'j 'j 

Differentiating .y +y = L with respect to t we have 

^ dx . dy 
2x — + 2v — = 0 
d t ' dt 
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2xV b + 2yv A = 0 
^ =" - V B 

y 

v A \ = - V B = v B cot Q 
y 

= 73 x cot 30° 


1 

73 


= 73 x —= 1 ms’ 


EXAMPLE 33 A rope is wound around a hollow 
cylinder of mass M = 3 kg and radius R = 40 cm. If the 
rope is pulled with a force F = 30 N, find (a) the angular 
acceleration of the cylinder and (b) the linear acceleration 
of the rope. 

'Q SOLUTION For a hollow cylinder / = MR 2 
(a) Torque on cylinder is r= FR => Ia= FR. 

Therefore 

FR FR F 30 


a = 


MR 


MR 


3 x 0.4 
= 25 rad s 2 

(b) Linear acceleration of rope is 

a = Ra = 0.4 x 25 = 10 ms 2 

EXAMPLE 34 A uniform rod AB of mass M= 0.4 kg 
and length L = 1 m lies on a horizontal frictionless table 
with its end A pivoted to the table. A ball of mass m = 0.2 kg 
moving along the surface of the table with velocity 
u = 4 ms 1 perpendicular to the rod collides with the free 
end B of the rod. If the collision is elastic, find (a) the 
velocity of the ball immediately after the collision and 
(b) the angular velocity of the rod after collision. 

SOLUTION Refer to Fig. 5.33. 

CO 


B A 
u 


B 


,>v 

• m 


Before collision After collision 

Fig. 5.33 

(a) Let v be the velocity of the ball just after collision. 
Since the collision is perfectly elasitc, e = 1, i.e. 

Velocity of approach = velocity of separation 
or u = coL-v 


co = 


u + v 


(0 


Since there is no external torque, the angular 
momentum about A is conserved, i.e. 

mu L = mvL + Ico 


r ML 1 

= mvL + (o 


CO = 


3 (it - v)m 


ML 

From (i) and (ii), we get 

m-M' 


(ii) 


V = 


u 


) 


v 3m + M 
'3x0.2-0.4 


(hi) 


\ 


v 


3x0.2+ 0.4 J 
(b) Using (iii) in (i), we get 

6 mu 


x 4 = 0.8 ms 


-l 


co = 


(3 m + M)L 

6 x 0.2 x 4 
(3 x 0.2 + 0.4) x 1 


= 4.8 rad s ' 


EXAMPLE 35 A uniform rod AB of mass M and 
length L is hinged at one end A. It is released from rest at 
a horizontal position. 

The linear acceleration of the centre of mass as it falls is 


(a )g 

<•»§ 

(c) f 

(d) y 

4 

4 

SOLUTION 

Refer to Fig. 5.34. 


Centre of mass 


/ 


B 


or 


L 

2 


Mg 

Fig. 5.34 

Torque about A = Mg x 


a = MgL _ 3 g 


la 


_ MgL 


21 2 L 

Linear acceleration of centre of mass is 


Y / = 


ML 


2 \ 
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a 


CM 


L L 3g 3g 

= — x a= — X — = — 
2 2 2L 4 


EXAMPLE 36 A uniform rod of mass M and length 
/ lies on a horizontal frictionless surface. A particle of mass 
m moving at a speed u perpendicular to the length of the 
rod strikes it at a distance 1/3 from the centre and stops 
after the collision. The angular velocity of the rod about 
its centre just after the collision is 


(a) 

mu 

Ml 

(b) 

2 mu 

Ml 

(a) 

(c) 

3mu 

Ml 

(d) 

4m u 

Ml 

(c) 


SOLUTION Refer to Fig. 5.35. 



Fig. 5.35 

Let v be the velocity of the centre O of the rod and co its 
angular velocity about O. Since no net force acts on the 
system, the linear momentum of the system is conserved. 
Hence 


mu = MV => V = 


mu 

M 


Since no net external torque acts on the system, the 
angular momentum of the system is also conserved. Since 
the rod is initially at rest, the angular momentum of the 
system before collision. 

m 


Lz— mu 


\3 


mu l 


(i) 


is 


After the collision, the angular momentum of the system 

L/= L cm + M(r x v) 

Since r is parallel to v, r x v = 0, Thus 

L / = L cm 


Since Lr= L h we have 


, _ , _ . _ Ml 2 

Lj Lq m — I co — co 


12 


(ii) 


Using (i) in (ii) 

mul Ml 1 co 

~Y ~ 12 


(!)~ 


4 mu 
Ml 


So the correct choice is (d). 

EXAMPLE 37 A solid sphere of mass M and radius 
R lies on a horizontal rough surface. A horizontal force F 
is applied at the centre of the sphere. If the sphere rolls 
without slipping, the acceleration of the centre of the 
sphere will be 

F _ 3 F 


M 

IF 
3 M 


(b) 


(d) 


5 M 

5 F 
7 M 


SOLUTION Let/be the frictional force. Since the 
sphere rolls without slipping, the acceleration of its centre 
is (Fig. 5.36) 

a = aR 

where a is the angular acceleration. The equation of 
motion is 


F-f= Ma 


(0 



Torque on the sphere is T=fR. Also T= la. i.c.,//? = la. 


a 


Since a= —, 

R 

la _ la 
1 R R 2 
From (i) and (ii), we have 

F- K = Ma 


(ii) 


R 


F 


a = 


M 


(iii) 


i 1 +- 2 

{ MR 2 


2 7 

For a solid sphere,/= —MR~. Using this in (iii) we get 

5 


a = 


SF 

1M 


EXAMPLE 38 In Example 37 above, the frictional 
force between the sphere and the surface is 
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(a) 



2 F 
7 

2F 

3 



SOLUTION 


pic, we get 


(b) 

(d) 


2F 

5 

F 

2 


Using (iii) in (ii) in the above exam- 



f 

1 + 

V 


F_ 

MR 2 \ 


2 2 F 

Putting/= — MR 2 , we get/= -y- 

EXAMPLE 39 A solid sphere of mass A7 and 
radius /? lies on a horizontal rough surface. A force F is 
applied tangentially on the topmost point A of the sphere 
as shown in Fig. 5.37. If the sphere rolls without slipping, 
the acceleration of its centre is 


(a) 

F 

M 

(b) 

(c) 

8 F 

1M 

(d) 


3F 
5 M 

10F 

1M 



Fig. 5.37 


(y SOLUTION Torque of force F on the sphere is 
t=JR. As this torque rotates the sphere, the point B of contact 
has a tendency to slip towards the left. To prevent slipping, 
the frictional force must act towards the right as shown in 
Fig. 5.37. Since there is no slipping, the angular acceleration 
about the centre O is 


a 

a= — 

R 

where a is the linear acceleration of the centre O of the 
sphere. For the linear motion of the centre, the equation 
of motion is 


F +/= Ma 



Now, clockwise torque due to F is r, = F x OA = FR 

Anticlockwise torque due to/is t 2 = f x OB —fR 

Net torque is r = - r 2 = FR - fR = R(F - f) (ii) 


Also r = la = 


/ rs \ 

-MR 2 X —- = — MaR 
V 5 JR 5 



Equating (ii) and (iii), we get 

F-f= -Ma 
5 

Adding (i) and (iv), we get 



2 F = — Ma 
5 


a = 


10 F 
1M 


, which is choice (d). 


EXAMPLE 40 In Example 39 above, the frictional 
force between the sphere and the surface is 


(a) 

(c) 


2 F 
~3~ 

3F 
7 



SOLUTION 


Example, we have 



(d) F 
1 OF 

Putting a = —— in Eq. (i) in the above 
& 1M 1 


F+/= 


Mx 


10F 
1M 


10F 

7 



3F 
7 


So the correct choice is (c). 

Q EXAMPLE 41 Two blocks of masses m , and m 2 
(tn | > m 2 ) are connected by a massless string going over 
a frictionless pulley of radius R and moment of inertia 
/ about its axis. The system of blocks is released. If the 
string does not slip on the pulley and m x = m and m 2 = 2 /??, 
the acceleration of the blocks is given by [see Fig. 5.38(a)] 



Fig. 5.38(a) 

Q SOLUTION The tensions in strings AB and CD 
will be different because the pulley is not massless (it has 
a finite moment of inertia). Let F, and T 2 be the tensions 
in CD and AB. The free body diagrams of w, and m 2 are 
shown in the Fig. 5.38(b) 
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»' 2 


7\ 


i- 


m 


\ a 


™2g m \g 

Fig. 5.38(b) 

The equations of motion of/?/, and /??-> are 
T \~™\g = m \ a 


=> T= m x (a + g) 

m 2 g - T 2 — tn 2 a 

=> T 2= ™ 2 (g - Cl) 

Clockwise torque on pulley by 7\ is 

r 2 = T 2 R 

Anticlockwise torque on pulley by T x is 

r, = T x R 


Net torque is 

kT 

ii 

ii 


Also 

la 

T— I CL — — 

R 

(v a = Ra) 

=> 

tR R 2 (T { -T 2 ) 
a= I ~ I 

(hi) 


Using (i) and (ii) in (iii) we have 

R - 

a= —[m t (a + g)-m 2 (g-a)] 


(i) 

(ii) 


which gives 


(w, -m 2 )g R 2 

I + (/ 7 /, + m 2 )R 


Putting /77 , = /77 and m 2 = 2 /?7, we get 

mgR 2 

a= - j 

7 + 3/7//?“ 


a = 


3 + 


g _ 

7 

mR 2 


i 

SECTION 


Multiple Choice Questions with One Correct Choice 


1. A shell fired from a gun at an angle to the horizontal 
explodes in mid-air. Then the centre of mass of the 
shell fragments will move 

(a) vertically down 

(b) horizontally 

(c) along the same parabolic path along which the 
‘intact’ shell, was moving 

(d) along tangent to the parabolie path of the ‘intact’ 
shell, at the point of explosion. 

2. The centre of mass of a system of two particles of 
masses m, and m 2 is at a distance ci x from mass m x 
and at a distance a 2 from mass /?z 2 such that 

(a) — = — (b) = B. 

a~> /?/, a~, 777 2 


(c) ^ = 
a- 


/?/, 


(d) ^ = 

ci- 


in 


r 2 (/?/,+ /?? 2 ) a 2 (/?/, +/77 2 ) 

3. Three particles of the same mass lie in the x-y plane. 
The (x,y) coordinates of their positions arc (1, 1), (2, 
2) and (3, 3) respectively. The (x, y) coordinates of 
the centre of mass are 


(a) (1,2) (b) (2,2) 

(c) (4, 2) (d) (6, 6) 


4. A child is standing at one end of a long trolley 
moving with a speed v on a smooth horizontal track. 
If the child starts running towards the other end of 
the trolley with a speed w, the centre of mass of the 
system (trolley + child) will move with a speed 

(a) zero (b) (v + u) 

(c) (v - u) (d) v 

5. Choose the only incorrect statement from the 
following: 

(a) The position of the centre of mass of a system 
of particles does not depend upon the internal 
forces between particles. 

(b) The centre of mass of a solid may lie outside the 
body of the solid. 

(c) A body tied to a string is whirled in a circle with 
a uniform speed. If the string is suddenly cut, the 
angular momentum of the body will change from 
its initial value. 

(d) The angular momentum of a comet revolving 
around a massive star, remains constant over the 
entire orbit. 

6 . A loaded spring gun of mass M fires a ‘shot’ of mass 
77 / with a velocity v at an angle of elevation 6. The 
gun is initially at rest on a horizontal frictionless 
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surface. After firing, the centre of mass of the gun¬ 
shot system 

(a) moves with a velocity v m!M 

vtn 

(b) moves with velocity — cos 0 in the horizontal 

direction ^ 

(c) remains at rest 

t . . v(M-m) . , . 

(d) moves with a velocity -in the horizon- 

tal direction. + 

7. If a man of mass A/jumps to the ground from a height 
li and his centre of mass moves a distance x in the 
time taken by him to "hit' the ground, the average 
force acting on him (assuming his retardation to be 
constant during his impact with the ground) is 

(a) MghJx (b) Mgx/h 

(c) Mg (h/x) 2 (d) Mg (x/h) 2 

8 . Four particles of masses nu m, 2m and 2m are placed 
at the four corners of a square of side a as shown 
in Fig. 5.39. The (x, y) co-ordinates of the centre of 
mass are 

y ♦ 


2m 


O 



• 2m 


*-x 


m 


m 


Fig. 5.39 


( a x 


(a) 


w i §,« 


\ 


(C) 


(a 2a x 

2’T 


(d) [ a, j 


9. A carpet of mass M, made of an inextensible 
material, is rolled along its length in the form of a 
cylinder of radius R and kept on a rough floor. If the 
carpet is unrolled, without sliding, to a radius Ri 2, 
the decrease in potential energy is 


(a) i MgR 


(c) - MgR 
4 


(b) - MgR 
8 


(d) - MgR 

O 


10. Four tiny masses are connected by a rod of negligible 
mass as shown in Fig. 5.40. 


m 


2m 


3m 


4m 


8 


D 


Fig. 5.40 

The moment of inertia of the system about axis AB is 


(a) 30 met 


(b) 40 ma 4 


(c) 50 ma (d) 60 mef 

11. In Q. 10, the radius of gyration of the system about 
axis AB is 

(a) V 2 a (b) >/3 a 

(c) 2 a (d) V5 a 

12. In Q. 10, the moment of inertia of the system about 
axis CD is 

(a) 5 ma 2 (b) 10 ma 2 

(c) 30 ma 2 (d) 40 ma 2 

13. In Q. 10, the radius of gyration of the system about 
axis CD is 

(a) \/2 a (b) a 

(c) 2 V 2 a (d) 2a 

14. Three point masses m 2 and m y are located at the 
vertices of an equilateral triangle of side a. What is 
the moment of inertia of the system about an axis 
along the altitude of the triangle passing through m{! 


(a) (/>?, + m 2 ) 


a 


(b) (m 2 + m 3 ) 


a' 


a 


(c) (m x + m 3 ) — 


a 


(d) (m { +/w 2 + w 3 ) 


15. A molecule consists of two atoms, each of mass m , 
separated by a distance a. The moment of inertia of 
the molecule about its centre of mass is 


(a) 2 mar 

(c) — ma 2 
2 


(b) ma~ 

(d) — ma 2 
4 


16. In 0- 15, if k is the average rotational kinetic energy 
of the molecule at room temperature, its frequency 
of rotation is 
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(a) 


(c) 



(b) 


(d) 



17. The moment of inertia of a solid sphere of mass M 
and radius R , about an axis through its centre, is 
7 

— MR 1 . The moment of inertia about an axis 
5 

tangential to the surface of the sphere will be 


(a) - MR 2 

6 7 

(c) - MR 2 
5 


(b) MR- 

(d) - MR 2 
5 


18. The moment of inertia of a uniform circular disc of 
mass M and radius R about any of its diameters is 

1 2 

MR . What is the moment of inertia of the disc 
4 

about an axis passing through its centre and normal 
to the disc? 


(a) MR- 

(c) - MR 2 
2 


(b) - MR 
2 

(d) 2 MR 2 


19. In Q.18, what is the moment of inertia of the disc 
about an axis passing through a point on its edge and 
normal to the disc? 


(a) MR- 

(c) - MR 2 
2 


(b) - MR : 
2 

(d) 2 MR 2 


20. When W joule of work is done on a flywheel, its 
frequency of rotation increases from v, Hz to v 2 Hz. 
The moment of inertia of the flywheel about its axis 
of rotation is given by 


(a) 


(c) 


W 


2n 2 (vf - vf) 

w 

4w 2 (vf-vf) 


(b) 


(d) 


W 


2k 2 (vf + vf) 
W 

4?r 2 (vf+ vf) 


21. Two discs of moments of inertia 7) and I 2 about their 
respective axes, rotating with angular frequencies 
ro, and co 2 respectively, are brought into contact face 
to face with their axes of rotation coincident. The 
angular frequency of the composite disc will be 


(a) 


(c) 


I\(0\ I -> CO 7 

W 2 

I 2 (O l + I\(l) 2 

Ix+h 


(b) 


(d) 


7, ft), +1 2 a) 2 
7, +/, 


/ 2 <y, - 

h~h 


22. A solid cylinder of mass M and radius R rolls down 
an inclined plane of height h. The angular velocity of 
the cylinder when it reaches the bottom of the plane 
will be 


(a) -yfgh 

K 




(d) 

23. In Q.22, the rotational kinetic energy of the cylinder 
when it reaches the bottom of the plane will be 

Mgh 


(a) Mgh 

(c) Msh 


(b) 


(d) 


2 

Mgh 


3 ' ' 4 

24. A light-weight boy holds two heavy dumb-bells of 

equal mass with outstretched arms while standing on 
a turn-table which is rotating at an angular frequency 
(Q\ when the dumb-bells are at a distance /*, from the 
axis of rotation. The boy suddenly pulls the dumb¬ 
bells towards his chest until they are at a distance r 2 
from the axis of rotation. The new angular frequency 
of rotation co 2 of the turn-table will be equal to 

2 


(a) ft),- 2 - 


n 


(b) co x ±r 


(c) CD ,- 1 (d) ft), 4- 

r 2 n 

25. A cord is wound around the circumference of a 
bicycle wheel (without tyre) of diameter 1 m. A mass 
of 2 kg is tied to the end of the cord and it is allowed 
to fall from rest. The weight falls 2 m in 4 s. The axle 
of the wheel is horizontal and the wheel rotates with 
its plane vertical. The angular acceleration produced 
is (Take g = 10 ms “) 

(a) 0.5 rad s 2 (b) 1.0 rad s 2 

(c) 2.0 rad s~ 2 (d) 4.0 rad s -2 

26. In Q. 25, the moment of inertia of the wheel about 
the horizontal axis is 

(a) 10 kg m 2 (b) 20 kg m 2 

(c) 30 kg m 2 (d) 40 kg m 2 

27. If the earth were to suddenly contract to half its 
present size, without any change in its mass, the 
duration of the new day will be 

(a) 6 hours (b) 12 hours 

(c) 18 hours (d) 30 hours 

28. Two circular discs have masses in the ratio of 1:2 and 
radii in the ratio of 2: I. The ratio of their moments 
of inertia about their diameter is 

(a) 1:1 (b) 2:1 

(c) 4:1 (d) 8:1 
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29. A circular ring of mass M and radius R is rotating 
about its axis at an angular frequency co. Two blocks, 
each of mass m, are gently placed on the opposite 
ends of a diameter of the ring. The angular frequency 
of the ring becomes co'. The ratio cof/co is 



M 

(M + 2m) 



2 M 

(M + 2 m) 




30. A solid sphere rolls down from the top of an inclined 
plane. Its velocity on reaching the bottom of the plane 
is v. When the same sphere slides down from the top 
of the plane, its velocity on reaching the bottom is 
v\ The ratio v'lv is 



31. A circular disc rolls down an inclined plane without 
slipping. What fraction of its total energy is 
translational? 




32. A sphere rolls down an inclined plane without 
slipping. What fraction of its total energy is 
rotational? 


(a) f 

(c) 7 


(b) 

(d) 


3 

7 

5 

7 


33. A circular disc is rolling down an inclined plane 
without slipping. If the angle of inclination is 30°, 
the acceleration of the disc down the inclined plane is 


(®) g 

(b) 

g 

2 



J2 

(Of 

(d) 

3 


34. A block of mass M is released from the top of an 
inclined plane. Its velocity on reaching the bottom 
of the plane is v. A circular disc of the same mass M 
rolls down the incline plane from the top. Its velocity 
on reaching the bottom is v'. The ratio v'lv will be 


(a T 

(C) 1 



35. Two circular loops A and B of radii R and 2 R 
respectively are made of the same wire. Their 
moments of inertia about the axis passing through 
the centre and perpendicular to their plane are I A and 
l B respectively. The ratio I A /I B is 

(a) 1 (b) ' 


(C) i 


(d) - 


36. Two circular loops A and B are made of the same wire 
and their radii are in the ratio 1 : n. Their moments of 
inertia about the axis passing through the centre and 
perpendicular to their plane arc in the ratio 1 : m. The 
relation between m and n is 

(a) m = n (b) m = n 

(c) m = r? (d) m — 7? 4 

37. A small coin is placed at a distance r from the centre 
of a gramophone record. The rotational speed of the 
record is gradually increased. If the coefficient of 
friction between the coin and the record is /J, the 
minimum angular frequency of the record for which 
the coin will fiy off is given by 


(a) 


(c) 


2Hg 


r 


Bg 


(b) 


2 r 


(d) 2. 


} Bg 


r \ r 

38. In Q. 37, what would be the minimum angular 
frequency at which two identical coins, placed one 
on top of the other, at the same location on the record, 
will fly off? 


(a) 


Bg 


(b) 


'2 fig 


(c) 2. 


'Bg 


(d) 2. 


'2 Bg 


r y r 

39. Three particles, each of mass m , are placed at the 
corners of a right angled triangle as shown in 
Fig. 5.41. If OA = a and OB = /?, the position vector 
of the centre of mass is (here i and j are unit vectors 
along x and y axes respectively). 


y 

A 

i 

i 

• 



Fig. 5.41 
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(a) j («i + />j) (b) j (a\-b]) 

(c) | (fli + b\) (d) j (ai-bj) 

40. Three particles each of mass m , are placed at the 
corners of an equilateral triangle of side a, as 
shown in Fig. 5.42. The position vector of the centre 
of mass is 

(a) |(i + j/V3) (b)|(3i + J) 

(c)|(3i+V3j) (d) |(3i + j/V3) 


y b 



Fig. 5.42 


41. A cylinder of mass m and radius r is rotating about 
its axis with a constant speed v. Its kinetic energy is 

(a) 2 mv 2 (b) mv 1 


(c) — mv 2 
2 

42. A circular disc of mass i 
horizontal surface with c 
energy is 

, v 1 2 

(a) — mv 
4 


(c) — mv 2 
4 


(d) — mv 2 
4 

i and radius r is rolling on a 
constant speed v. Its kinetic 

(b) — mv 2 
2 

(d) mv 2 


43. Two solid spheres A and B , each of radius R , are 
made of materials of densities p, and p B respectively. 
Their moments of inertia about a diameter are I A and 
I B respectively. The ratio I A H B is 


(a) 

r 

(b) 


V Pb 


(c) 

Pa 

(d) 


Pb 



IPs 
V Pa 

P_B_ 

Pa 


44. A cylinder, released from the top of an inclined plane, 
rolls without sliding and reaches the bottom with 
speed v r Another identical cylinder, released from 


the top of the same inclined plane, slides without 
rolling and reaches the bottom with speed v s . Then 


45. 


(a) v r > v s (b) v r < v s 

(c) v r = v s (d) v r = v s = 0 

A sphere of mass M and radius R is released from 
the top of an inclined plane of inclination 6. The 
minimum coefficient of friction between the plane 
and the sphere so that it rolls down the plane without 
sliding is given by 


(a) p = tan Q 
2 

(c) n = — tan 0 


(b) p = — tan 0 


(d) p = — tan 0 


46. Three thin metal rods, each of mass M and length 
I, are welded to form an equilateral triangle. The 
moment of inertia of the composite structure about 
an axis passing through the centre of mass of the 
structure and perpendicular to its plane is 




Ml} 

4 



Ml} 



ML 1 
12 


47. Four thin metal rods, each of mass M and length L, 
are welded to form a square ABCD as shown in Fig. 
5.43. What is the moment of inertia of the composite 
structure about a line which bisects rods AB and CD 
and perpendicular to the plane of the structure? 


D 

axis of 
/ rotation 

/ C 


F 2 

3 

4 


E 1 

\ 

B 

^- L -►- 

L 

2 

m - ~2 -* 


Fig. 5.43 


(a) 

ML" 

6 

(b) 

ML 1 

3 

(c) 

ML 2 

(d) 

2 ML 2 

2 

3 
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48. A thin uniform metallic triangular sheet of mass M 
has sides AS = BC = L. What is its moment of inertia 
about axis AC lying in the plane of the sheet? (Sec 
Fig. 5.44) 



Fig. 5.44 


(a) 

ML 2 

12 

(b) 

ML 2 

6 

(c) 

Ml} 

(d) 

2 ML 

3 

3 


49. In the rectangular lamina ABCD shown in Fig. 5.45, 
a = AB = BC/2. The moment of inertia of the lamina 
is the minimum along the axis passing through 

(a) BC (b) AB 

(c) HF (d) EG 



Fig. 5.45 


50. The track shown in Fig. 5.46 ends in a circular track 
of radius r with centre at O. A small solid sphere of 
mass m rolls from rest without slipping from a point 
A at a height h = 6 r from the level ground. What is 
the speed of the sphere when it reaches a point B at 
height r above the level ground? 


(a) yj\0gr (b) 




(d) zero 


Sphere 



Fig. 5.46 

51. In Q. 50 above, the horizontal force acting on the 
sphere when it reaches B is 

(a) 10 mg (b) mg 


t ^ 50 

(c) — mg 


22 

(d) — mg 


52. A solid sphere is rotating about a diameter at an 
angular velocity CO. If it cools so that its radius 

reduces to — of its original value, its angular 


n 

velocity becomes 
co 


(a) 


n 


(b) 4 

n 


(c) nco (d) n 2 CO 

53. In Q. 52 above, if the original rotational kinetic 
energy of the sphere is K , its new value will be 

(a) 4 ( b ) 4 

n n 

(c) n 2 K (d) n 4 K 


54. A solid sphere is rotating about its diameter. Due to 
increase in room temperature, its volume increases 
by 0.5%. If no external torque acts, the angular speed 
of the sphere will 

(a) increase by nearly — % 

3 

(b) decrease by nearly ^ % 

(c) increase by nearly — % 

2 

2 

(d) decrease by nearly — % 
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55. A cylinder of mass Mhas a length L that is \f3 times 
its radius R. What is the ratio of its moment of inertia 
about its own axis and that about an axis passing 
through its centre and perpendicular to its axis? 

(a) 1 (b) 

(C) >/3 (d) 

56. A uniform rod of length L is suspended from one 
end such that it is free to rotate about an axis passing 
through that end and perpendicular to the length. 
What minimum speed must be imparted to the lower 
end so that the rod completes one full revolution? 

(a) JlgL (b) 2 s[gL 

(c) (d) 2yjlgL 

57. The height of a solid cylinder is four times its radius. 
It is kept vertically at time t = 0 on a belt which is 
moving in the horizontal direction with a velocity 
v = 2.45 r where v is in ms 1 and t is in second. If 
the cylinder does not slip, it will topple over at time 
t equal to 

(a) Is (b) 2 s 

(c) 3 s (d) 4 s 

58. A thin uniform rod AS of mass M and length L is 
hinged at one end A to the horizontal floor. Initially 
it stands vertically. It is allowed to fall freely on the 
floor in the vertical plane. The angular velocity of the 
rod when its end B strikes the floor is 


59. The moment of inertia of a thin rod of mass M and 
length L about an axis passing through the point at a 
distance L!4 from one of its ends and perpendicular 
to the rod is 


(a) 

1 ML 

(b) 

ML- 

48 

12 

(c) 

ML 1 

(d) 

ML 2 

9 

3 


60. A circular disc of radius R is free to oscillate about 
an axis passing through a point on its rim and 
perpendicular to its plane. The disc is turned through 
an angle of 60° and released. Its angular velocity 
when it reaches the equilibrium position will be 









61. A massless and inextensible cord is wound round the 
circumference of a circular ring of mass M and radius 
R. The ring is free to rotate about an axis passing 
through its centre and perpendicular to its plane. A 
mass m is attached at the free end of the cord and is 
at rest. The angular speed of the ring when mass in 
has fallen through at height h is 


(a) 

Ugh 
\ R 2 

(b) 


1 2 mgh 


(c) 

\(M +m)R 2 

(d) 



2 mgh 


(M + 2m)R 


62. A circular portion of diameter R is cut out from 
a uniform circular disc of mass M and radius R as 
shown in Fig. 5.47. The moment of inertia of the 
remaining (shaded) portion of the disc about an axis 
passing through the centre O of the disc and per¬ 
pendicular to its plane is 


(a) 

(c) 


32 


— MR 2 
32 


(b) — MR 2 
16 

(d) - MR 2 
8 



Cut out circular 
portion 


Fig. 5.47 


63. The moment of inertia of a hollow sphere of mass 
M and internal and external radii R and 2 R about an 
axis passing through its centre and perpendicular to 
its plane is 




- MR 2 

(b) 

1 L M r 2 

2 

32 

31 

(d) 

62 . 

— MR- 

— MR- 

35 

35 


64. A man, standing on a turn-table, is rotating at a 
certain angular frequency with his arms outstretched. 
He suddenly folds his arms. If his moment of inertia 


Copyrighted material 



Rotational Motion 5.29 


with folded arms is 75% of that with outstretched 
arms, his rotational kinetic energy will 

(a) increase by 33.3% (b) decrease by 33.3% 

(c) increase by 25% (d) decrease by 25% 

65. Two blocks of masses 1 kg and 2 kg are suspended 
at the end of a light string passing over a friction less 
pulley of mass 4 kg and radius 10 cm. When the 
masses are released, the acceleration of the system is 


(a) 

g_ 

9 

(b) 

(c) 

g 

5 

(d) 


66. A pulley of radius 2 m is rotated about its axis by a 
force F = (20/ - 5/ 2 ) newton (where / is measured 
in second) applied tangentially. The force is then 
withdrawn. If the moment of inertia of the pulley 
about its axis of rotation is 10 kg nr, the number of 
rotations made by the pulley before its direction of 
motion is reversed, is very nearly equal to 


two beads are at the centre of the rod and the system 
is rotating with angular velocity ro 0 about its axis 
perpendicular to the rod and passing through its mid 
point (see Fig. 5.49). There are no external forces. 
When the beads reach the ends of the rod, the angular 
velocity of the system is 


Bead 

_yl 

Bead 

jr _ 

1 I 

1 1 

i _ L 

L 

h 2 

2 


> 


- (O 0 


Fig. 5.49 



M co {) 
M + 3//? 



Mco 0 

M + 6/77 



(M + 6 m) co 0 
M 


(d) co n 


(a) 5^ 

(b) 

(c) \\\ 

(d) 14~ 


67. Four forces are applied to a wheel of radius 20 cm as 
shown in Fig. 5.48. The net torque produced by the 
forces is 

(a) 5.4 Nrn anticlockwise 

(b) 1.8 Nm clockwise 

(c) 2.0 Nm clockwise 

(d) 5.4 Nm clockwise 


4 N 



68. A smooth uniform rod of length L and mass M has 
two identical beads of negligible size, each of mass 
/77, which can slide freely along the rod. Initially the 


69. /,, 1 2 , /3 and / 4 are respectively the moments of inertia 
of a thin square plate A BCD of uniform thickness 
about axes 1,2,3 and 4 which are in the plane of the 
plate. The moment of inertia of the plate about an 
axis passing through the centre O and perpendicular 
to the plane of the plate is (Fig. 5.50) 

(a) 2(/j + I 2 ) (b) 2(1, + / 4 ) 

(c) /, + 1 3 (d) /j + / 2 + I, + 14 


4 



70. A mass m is moving with a constant velocity along 
a line parallel to the Jt-axis, away from the origin. Its 
angular momentum with respect to the origin 

(a) is zero (b) remains constant 

(c) goes on increasing (d) goes on decreasing 

71. A smooth sphere A is moving on a frictionless 
horizontal surface with angular speed co and centre 
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of mass velocity v. It collides elastically and head-on 
with an identical sphere B at rest. Neglect friction 
everywhere. After the collision, their angular speeds 
are co A and co B respectively. Then 

(a) ( 0 A < ( 0 B (b) co A = co B 

(c) co A = co (d) co B = co 

72. A disc of mass M and radius R is rolling with angular 
speed ( 0 on a horizontal plane as shown in Fig. 5.51. 
The magnitude of angular momentum of the disc 
about the origin O is 



— 


M 

\N 

O) 



R 

► X 


Fig. 5.51 


(a) - MR 2 co 
2 


(b) MR 2 co 


(c) - MR- co 
2 


(d) 2 MR 2 co 


73. A thin wire of length L and uniform linear mass 
density p is bent into a circular loop with centre at O 
as shown in Fig. 5.52. The moment of inertia of the 
loop about the axis XX' is 


Fig. 5.52 


8/T 16/r 

(C) ^4 (d) ^4 

16 n 2 8 n 2 

74. A tube of length L is filled completely with an 

incompressible liquid of mass M and closed at both 

the ends. The lube is then rotated in a horizontal 

plane about one of its ends with a uniform angular 

velocity co. The force exerted by the liquid at the 

other end is 


McofL 

~Y 


(b) Mco~L 


Mco z L 

4 


Mco~L 1 


75. A cubical block of side L rests on a rough horizontal 
surface with coefficient of friction p. A horizontal 
force F is applied on the block as shown in Fig. 5.53. 
If the coefficient of friction is sufficiently high so 
that the block does not slide before toppling, the 
minimum force required to topple the block is 


L 

J A 

Fig. 5.53 

(a) infinitesimal (b) mg/4 

(c) mg/2 (d) mg (1 - p) 

76. Two particles A and B , initially at rest, move towards 

each other under a mutual force of attraction. At the 
instant when the speed of A is V and that of B is 
2 V, the speed of the centre of mass of the system is 
(a) 0 (b) V 

(c) 1 .5V (d) 3V 

77. Two blocks of masses 10 kg and 4 kg are connected 
by a spring of negligible mass and placed on a 
frictionless horizontal surface. An impulse gives a 
velocity of 14 m/s to the heavier block in the direction 
of the lighter block. The velocity of the center of 
mass is 

(a) 30 m/s (b) 20 m/s 

(c) 10 m/s (d) 5 m/s 

78. A cylinder rolls up an inclined plane, reaches 
some height, and then rolls down (without slipping 
throughout these motions). The directions of the 
frictional force acting on the cylinder are: 

(a) up the incline while ascending and down the 
incline while descending 

(b) up the incline while ascending as well as de¬ 
scending 

(c) down the incline while ascending and up the 
incline while descending 

(d) dow n the incline while ascending as well as de¬ 
scending. 

79. The angular momentum of a particle moving in 
a circular orbit with a constant speed remains 
conserved about 

(a) any point on the circumference of the circle 

(b) any point inside the circle 

(c) any point outside the circle 

(d) the centre of the circle 

80. The angular velocity of a body changes from to, to 
co 2 without applying a torque but by changing the 
moment of inertia about its axis of rotation. The ratio 
of the corresponding radii of gyration is 
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(a) (O l : (t) 2 (b) yfco^iyfoh 

(c) yfah ’.yfa^ (d) co 2 : 

81. Moment of inertia of uniform horizontal solid 
cylinder of mass M about an axis passing through its 
edge and perpendicular to the axis of the cylinder if 
its length is 6 times its radius R is: 


(a) 

39MR 2 

(b) 

39A//T 

4 

8 

(c) 

49 MR 2 

(d) 

49 MR 2 

8 

4 


82. If A is the areal velocity of a planet of mass M, its 
angular momentum is 

(a) M (b) 2 MA 

(c) A 2 M (d) AM 2 

83. One end of a thin uniform rod of length L and mass 
A/, is rivetted to the centre of a uniform circular disc 
of radius V and mass M 2 so that both are coplanar. 
The centre of mass of the combination from the 
centre of the disc is: 

(Assume that the point of attachment is at the origin) 



L(M ] +M 2 ) 
2 A/, 



LM ] 

2 (A/, +A/ 2 ) 



2L(M ] +M 2 ) 



2Z.M, 
(M x + M 2 ) 


84. A body of mass is tied to one end of a spring and 
whirled round in a horizontal plane with a constant 
angular velocity. The elongation in the spring is one 
centimeter. If the angular velocity is doubled, the 
elongation in the spring is 5 cm. The original length 
of the spring is: 

(a) 16 cm (b) 15 cm 

(c) 14 cm (d) 13 cm 

85. A particle performs uniform circular motion with an 
angular momentum L . If the angular frequency of the 
particle is doubled, and kinetic energy is halved, its 
angular momentum becomes: 

(a) 4 L (b) 2 L 

(O f (d) f 


86. A uniform rod of length 1 metre is bent at its mid¬ 
point to make 90° angle. The distance of the centre 
of mass from the centre of the rod is 
(a) 36.1 cm (b) 25.2 cm 

(c) 17.7 cm (d) zero 


87. A mass is whirled in a circular path with constant 
angular velocity and its angular momentum is L. If 
the string is now halved keeping the angular velocity 
the same, the angular momentum is 


<a> L (b, f 

(c) L (d) 2 L 

88. A thin uniform disc has mass M and radius R. A 
circular hole of radius R /3 is made in the disc as 
shown in Fig. 5.54. The moment of inertia of the 
remaining portion of disc about an axis passing 
through O and perpendicular to the plane of the disc 
is 



(a) - MR 2 
9 

(c) - MR 2 
3 


(b) - MR 2 
9 


(d) - MR' 
9 


89. A solid metallic sphere of radius R having moment 
of inertia equal to / about its diameter is melted 
and recast into a solid disc of radius r of a uniform 
thickness. The moment of inertia of the disc about an 
axis passing through its edge and perpendicular to its 
plane is also equal to /. The ratio r/R is 


2 

vr? 

(b) 

2 

VTo 

2 

(d) 

l 

75 

VT 


(a) 


(c) 


90. A small object of uniform density rolls up a curved 
surface with an initial velocity v. It reaches up to a 

maximum length h = , with respect to the initial 

4 g 

position. The object is (see Fig. 5.55) 
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(a) ring (b) solid sphere 

(c) hollow sphere (d) disc 

91. The mass per unit length of a non-uniform rod OP of 
length L varies as 

m = k — 

L 


L 2 L 

(c) 2 ,d) 75 

92. A uniform thin rod of mass M and length L is hinged 
by a frictionless pivot at its end O, as shown Fig. 
5.56. A bullet of mass m moving horizontally with 
a velocity v strikes the free end of the rod and gets 
embedded in it. The angular velocity of the system 
about O just after the collision is 



Bullet 

Fig. 5.56 


Answers 


1. (c) 

2. (a) 

3. (b) 

4. (d) 

5. (c) 

6. (c) 

7. (a) 

8. (c) 

9. (d) 

10. (c) 

11. (d) 

12. (b) 

13. (b) 

14. (b) 

15. (c) 

16. (a) 

17. (d) 

18. (b) 

19. (c) 

20. (a) 

21. (b) 

22. (c) 

23. (c) 

24. (b) 

25. (a) 

26. (b) 

27. (a) 

28. (b) 

29. (a) 

30. (c) 

31. (d) 

32. (a) 

33. (c) 

34. (b) 

35. (d) 

36. (c) 

37. (c) 

38. (a) 

39. (a) 

40. (a) 

41. (d) 

42. (c) 

43. (c) 

44. (b) 

45. (d) 

46. (a) 

47. (d) 

48. (a) 

49. (c) 

50. (b) 

51. (c) 

52. (d) 

53. (c) 

54. (b) 

55. (a) 

56. (c) 

57. (a) 

58. (c) 

59. (a) 

60. (b) 

61. (c) 

62. (c) 

63. (d) 

64. (a) 

65. (c) 

66. (a) 

67. (b) 

68. (b) 

69. (c) 

70. (b) 

71. (c) 

72. (c) 

73. (d) 

74. (a) 

75. (c) 

76. (a) 

77. (c) 

78. (b) 

79. (d) 

80. (c) 

81. (d) 

82. (b) 

83. (b) 

84. (b) 

85. (d) 

86. (c) 

87. (a) 

88. (d) 

89. (a) 

90. (d) 

91. (b) 

92. (c) 


93. (a) 


where A: is a constant and x is the distance of any 
point on the rod from end O. The distance of the 
centre of mass of the rod from end O is 


(a) f 


(b) 


2 L 


(a) 


(c) 


nw 


L(M+m) 

3 mv 

L(M + 3//?) 


(b) 


(d) 


2mv 


Z/( A/ ■+■ 2/7?) 


mv 


LM 


93. A gramophone record of mass M and radius R is 
rotating at an angular velocity (O. A coin of mass m is 
gently placed on the record at a distance r = Rf2 from 
its centre. The new angular velocity of the system is 

2( 0 M 

(M + 2m) 


(oM 

~M 


, x 2 (OM 

( a ) 7-r 

(2 M + m) 

(b) 

(c) CO 

(d) 


Solutions 

1. Since there no external forces, the centre of mass will 
continue to maintain its original motion. Hence the 
correct choice is (c). 

2. Referring to Fig. 5.57, the distances of the centre of 
mass from masses m x and m 2 respectively are 


n?i 

'"A_ 


Centre of mass 
/ 

m 2 
r\ 


a. 

1 

i 



’ «2 

-a- 

• 

i 


Fig. 5.57 



a \ 


m 2 a 

H + m 2 ) 
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and 


a 2 = 

Ul j u 

(m, + m 2 ) 

fL = 

m 2 

a 2 

777, 


Hence the correct choice is (a). 

3. The x and v co-ordinates of the centre of mass are 


m x x, 4 - m 2 x 2 + W3X3 

A 

w, + m 2 + m 3 

= I (.v, + x 2 + x 2 ) (v ffl, = m 2 = m,) 
3 

= 1(1 + 2 + 3) = 2 
3 

and y = l(y, +y 2 +y 3 ) = 1(1 +2+ 3) = 2. 

3 3 

Hence the correct choice is (b). 

4. The speed of the centre of mass of the system will 
remain unchanged (= v). The speed of the centre of 
mass of a system can change only if a net external 
force acts on it. The forces involved (such as the 
action and reaction and frictional forces), when the 
child runs on the trolley, are internal to the (trolley + 
child) system. 

5. The only incorrect statement is (c). Since no external 
torque acts on the body even after the string is cut, 
the angular momentum will remain unchanged. 

6. Since there is not external force acting on the 
gun-shot system, the centre of mass of the system 
continues to remain at rest. Hence the correct choice 
is (c). 

7. Since the centre of mass moves through a distance*, 
the average force F is given by 


or 


Fx = Mgh 
F _ Mgh 


Hence the correct choice is (a). 

8. The (x, y) co-ordinates of the centre of mass are 

/w,x, 4- m 2 x 2 + m 3*3 + w 4 x 4 

A 


and 


y 


m x 4- m 2 4- /«3 4- ni 4 

= /?7 iTi + "?2>’2 + '" 3 T 3 + m A y 4 
m | 4- m 2 + /w 3 + m 4 


It is easy to show that x = — and y = — , which is 
choice (c). ^ ^ 


9. The centre of mass of the whole carpet is originally 
at a height R above the floor. When the carpet unrolls 
itself and has a radius Ri 2, the centre of mass is 
at a height R!2 but the mass left over unrolled is 

M(R!2) 2 _ M 


R 


= —. Hence the decrease in P.E. is 
4 

MgR- ~ ^ MgR. 


Hence the correct choice is (d). 

10. The moment of inertia about AB is 

/ =m x r\ + m 2 r\ + tnyr\ 4- m A r\ 

= m x 0 + 2/?7 x (a) 2 + 3 m x (2a) 1 
+ 4m x (3 a) 2 

= 0 4- 2ma 2 4- 1 2ma 2 4- 36 ma~ 

= 50 mcC 


Hence the correct choice is (c). 

11. The radius of gyration K is given by 

I = MK 2 = (m | 4 - m 2 + m 3 + m A )K~ 

= (m 4- 2m + 3/77 + 4m)K~ = 10 mK 2 



50m a 2 

]] 10/77 



a 


Hence the correct choice is (d). 

12. The moment of inertia about CD is 

/ = m x (2a) 2 4- 2/77 x (a) 2 + 3/77 x 0 
+ 4m x (a) 2 

= 4//7a 2 4- 2ma~ + 0 + 4ma 1 = 10ma 2 


13. 


14. 


Hence the correct choice is (b). 
The radius of gyration is 


K = 


10/77 a \ 10/77 

Hence the correct choice is (b). 

Refer to Fig. 5.58. The moment of inertia about AD is 


10//7 a' 


= a 



m 3 

C 
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/=/??, x (distance of /?/, from ADY 
+ m 2 x (distance of m 2 from ADY 
+ m 3 x (distance of m 3 from AD) 2 
= mj x 0 4- m 2 x (BD) 2 + m 2 x (CD) 
\2 

+ nu x | 

2 

2 




= 0 + /;7 2 X [ — J + /?7> X 


fa' 2 


= (m 2 + m 3 ) 

Hence the correct choice is (b). 

15. Since the two atoms have the same mass, the centre 
of mass is at a distance of all from each atom. 
Therefore, the moment of inertia of the molecule 
about its centre of mass is 

.2 


/ = m 


4* 777 

2 


^ 2 


ma 


Hence the correct choice is (c). 

. . . 1 2 

16. Kinetic energy is k = — Ico , which gives 

2 


co = 


2k 


2k 


ma 


2 2 k 

x — = —, — 


1 


a V m 


Frequency v= — = ——J — , w hich is choice (a). 
2k Ka V m 


17. Given 


7 C = - MR 1 
c 5 


Using the parallel axes theorem, the moment of 
inertia about an axis tangential to the sphere will be 

I =I C + MR 2 = - MR 2 + MR 2 
c 5 

= - MR 2 
5 

Hence the correct choice is (d). 

18. Let us consider two perpendicular diameters, one 
along the .Y-axis and the other along the>-axis. Then 

I x =Iy=~ MR 2 

According to the perpendicular axes theorem, the 
moment of inertia of the disc about an axis passing 
through the centre is 

L =I X + I = - MR 2 + - MR 2 

c x y 4 4 

= - MR 2 
2 

which is choice (b). 


19. Since the disc is uniform, its centre of mass 
coincides with its centre. Therefore, the moment of 
inertia of the disc about an axis passing through its 
centre of mass and normal to its plane is 

^CM =I C=\ MR 2 

According to the theorem of parallel axes, the 
moment of inertia of the disc about an axis passing 
through a point on its edge and normal to its plane is 
given by 

4 = 4 m + Mh 1 

= -MR 2 + MR 2 (y h = R) 

2 

= - MR 2 
2 

Hence the correct choice is (c). 

20. Work done = increase in kinetic energy or 

1 ? 1 2 

W = - Ico ;- Ico\ 

2 “ 2 



= In 2 1 (\r 2 - Vj) (v (0 = 2kv) 


or 



W 




> 


Hence the correct choice is (a). 

21. The angular frequency of the composite system can 
be obtained by using the principle of conservation 
of angular momentum. 

Total initial angular momentum of the two discs = 
I ] co ] + I 2 co 2 

Since the two discs are brought into contact face 
to face (one on top of the other) and their axes of 
rotation coincide, the moment of inertia I c of the 
composite system will be equal to the sum of their 
individual moments of inertia, i.e. 

4 = 4+4 

If CO c is the angular frequency of the composite 
system, the final angular momentum of the system is 

I C (0 C = (/, + / 2 )ft), 

Since no external torque acts on the system. 

Final angular momentum = Initial angular momentum 
or (/, 4 - I 2 )C0 c = I ] CO ] 4 - J 2 (0 2 


or 



l ] CO ] 4 - 1 2 (0 2 

4+4 
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22. Let M be the mass of the cylinder and R be its radius. 
When it is at the top of the inclined plane of height 
/7, its potential energy is Mgh (Fig. 5.59). As it rolls 
down the inclined plane, it moves along the plane 
and also rotates about an axis passing through its 
axis perpendicular to the plane of the figure, which 
shows its section in the plane of the paper. It thus 


acquires both kinetic energy of translation 


— Mv 2 
2 


'1 - 2 ' 


-I co 
2 


where v is 


and kinetic energy of rotation 

VZ J 

its linear velocity and co its angular velocity when 
it reaches the bottom of the plane. / is its moment 
of inertia about the axis mentioned above which is 
given by 


/ = - MR 2 
2 



T 


From the law of conservation of energy, we have 
Potential energy = Translational kinetic energy + 
Rotational kinetic energy 


or 


or 


1 7 1 7 

Mgh = - Mv + - lor 
2 2 


Mgh = - MR 2 or + 

2 2 


MR 

2 


or 


(y v = Rco) 


3 7 1 
= - MR-co- 

4 


or 


or 


2 4 gh 

CD = -^r 


3 R 


2 gh 

co = — J-— , which is choice (c). 
R V 3 


23. The rotational kinetic energy = ^ lor. 
Substituting for co 2 and /, we have 

Rotational kinetic energy = — (— 
Mgh 2 


Hence the correct choice is (c). 


3 R 


24. Let the mass of each dumb-bell be m. Then, 

Total initial angular momentum = mr\co x + mr\co ] 

= 2mr\co x 

When the boy pulls the dumb-bells towards his chest, 
let the new value of period be T 2 . It is given that 
r 2 = 10 cm 
2k 

CD~, = - 

" T 2 

Final angular momentum = 2mr 2 co 2 

From the principle of conservation of angular 

momentum, 

Initial angular momentum = Final angular momentum 
or 2mr\co x =2mr\cD 2 



Hence the correct choice is (b). 

25. We first find the linear acceleration a by using the 
relation 

1 2 

s = ut + — at 
2 

1 2 

or 2=0 + -xax (4)~ 

2 

which gives a = — ms 2 . Now R = 0.5 m. The angular 

4 

acceleration a is 

a = — = —^— = 1 = 0.5 rad s 2 
R 4x0.5 2 

Hence the correct choice is (a). 

26. The torque produced by the force of the falling 
weight is 

r = mg x moment arm = mgR 
= 2 x 10x0.5= 10 Nm 

Now / = — = — = 20 ke m 

a 0.5 

Hence the correct choice is (b). 

27. Let M be the mass and R the initial radius of the 
earth. If co is the angular velocity of the rotation of 
the earth, the duration T of the day is 



co 


Let /?' be the radius of the earth after contraction 
and a/its angular velocity. From the conservation of 
angular momentum, we have 

Ico = Vco' 
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where / f = — MR 1 and /' {- — MR' 1 are the 


31. Rotational kinetic energy is 


K 5 J V 5 ) 

moments of inertia of the earth before and after 


contraction, respectively. 

- MR : 0) = - MR' 2 a)' 
5 5 

, R 2 co 

or co = —— = 4 co 

R' 2 


(v R' = R/2) 


The duration T' of the new day will be (since T = 
2 kUo) 

r = — = — = - 

co' 4co 4 
24 hours 

/ = - = 6 hours 

4 

28. /, = ^ M^R\ and I 2 = ^ jV/ 2 /?|. Therefore, 

^=^4 = - L x ( 2) 2 = 2 

I 2 M 2 R\ 2 

Hence the correct choice is (b). 

29. From the law of conservation of angular momentum. 


we have 


ho = I f (0‘ 


Here / = MR 2 and /' = (A/+ 2m) R 2 . Therefore 


co I' (M + 2m) 

Hence the correct choice is (a). 

30. For rolling : 

1 ? 1 ? 

Mgh = — Mir + — Ico~ 

2 2 

= - Mv 2 + - x (— M R 2 )x^— 


= — Mv 2 + — Mv 2 = — Mv 2 


•.*/ = — A//? 2 and (0 = — 
5 


For sliding : 


Mgh = — Mv' 2 . Therefore — Mv' 2 = — Mv 2 
2 2 10 

v f fl 

— = x - , which is choice (c). 
v V 5 


(KE ) r = Iko 2 = X -[^-MR 2 ^a? 


= - MR 2 o} 


(v /= - MR 2 ) 


where M is the mass of the disc and R its radius. 
Translational kinetic energy is 

(KE), = ^ Mv 2 = ^ M(Rco) 2 = ^ MR 2 co 2 

(v v = Rco) 

Total energy, KE = (KE), + (KE), = - MR 2 co 2 
(KE), = 2 
KE 3 

Hence the correct choice is (d). 


32. (KE),. = - Ico 2 
r 2 


(KE), = 


Total KE = 


- (-MR 2 ) or = - MR 2 co 2 

2 VS ) 5 

(v / = | MR 2 ) 

— Mv 2 = — MR 2 co 2 

2 2 


— MR 2 co 2 

10 


(KE), 


Hence the correct choice is (a). 

33. Downward force F= Mg sin 6. The effective mass of 

l n 

the rolling disc is M eff = M + , where I CM is the 

R~ 

moment of inertia about its centre of mass, which is 


/ CM = X -MR 2 


1( 1# 1 MR 2 2>M 

A/ff M + - — 

eff 2 R 2 2 

. . . F Mg sin 6 

Acceleration a = - = - 

M eff 3A//2 

= - g sin 30°= - 
3 3 

Hence the correct choice is (c). 

34. The acceleration of the block sliding down the plane 
is 

a = g sin 0 

where 6 is the angle of inclination. If / is the length 
of the inclined plane, the velocity of the block on 
reaching the bottom is given by 


Copyrighted material 



Rotational Motion 5.37 


or 


v 2 =2 al = 2g sin 9x1 
v = yj2gl sin 6 


The acceleration of the disc rolling down the plane 
is (as shown above) 

, 2 . „ 
a = - g sin 0 
3 


Therefore, the velocity of the disc on reaching the 
bottom is given by 



= 2a l = — gl sin 6 or v' = 
3 


'gl sin 6 


x/_ = [2 

v V 3 


Hence the correct choice is (b). 

35. Let j.i be the mass per unit length of the wire. The 
mass of loop A is M A = 2 kRu and mass of loop B is 
M b = 4 KRfi. Their moments of inertia respectively 
are 

I A = M a R a = 2 7tR/j x R 2 = 2k u R 3 
and I B = M b R 2 b = 4 kR/j x (2 R) 2 = 16 nfuR' 

[a = \_ 

h 8 

Hence the correct choice is (d). 

36. Here M A = 2 n\xR and M B = 2 khjjR. Their moments 
of inertia are 

l A = M a R a = 2k,uR xR 2 = 2k/jR 3 
and I B = M b R 2 b = 2nnjiR x (nR) 2 = 2nn 3 fiR 3 

— = n 3 ; but — = m (given) 

I a IA 

Thus, m - n 3 . Hence the correct choice is (c). 

37. Let m be the mass of the coin. It will fly off when 
the centripetal force mrco just exceeds the force of 
friction umg. The minimum co is given by 

mr( 0 2 = jjmg 



Hence the correct choice is (c). 

38. The minimum angular frequency is independent of 

the mass. Hence the correct answer is still yjjlg/r 
which is choice (a). 

39. The (x, y) co-ordinates of the masses at O , A and B 
respectively are (refer to Fig. 5.41 on page 5.25) 

(*\ = 0,y, = 0), (.v 2 = a,y 2 = 0) and (x 3 = 0, y 3 = b) 


The fv,y) co-ordinates of the centre of mass are 


Wjjq + m 2 x 2 + m 3 .v 3 


Tcm 


X CM 

m, + m 2 + m 3 

m x0 + /«xw + /nx0 _ a 
m + m + m 3 

= tn\y\+m 2 y 2 +m 3 y 3 
w, + m 2 + m 3 

m x 0 + m x 0 + m x b _ b 
m + m + m 3 

The position vector of the centre of mass is 
x cm 1 + Tc:m j 

a . , b . 1 , . , . .. 

which is choice (a). 

40. Refer to Fig. 5.42 on page 5.26. The (jc, y) 
co-ordinates of the masses at O , A and B respectively 
arc 


/ 


(.v, = 0, y ] = 0), (x 2 = a , y 2 = 0), 


a a\ll 


Therefore, the (x , y) co-ordinates of the centre of 
mass are 

m x 0 A- m x a + m x a!2 _ a 

~ 2 


X CM 


Tcm 


/?7 + m + m 

m x 0 + m x« + m x a \f3/2 


in + in + in 


a 


2V3 


a 


Position vector of centre of mass is — 

9 

Hence the correct choice is (a). 


i \ 


1 + 




41. The kinetic energy (which is rotational) is ~ lor. 

The moment of inertia I = — mr 2 and co = —. 

2 r 

1 1 , fyf 1 , 

There lore, KE = — x — mr x — = — mv , 

22 Vr; 4 

which is choice (d). 

42. The kinetic energy of a rolling disc consists of two 

parts: translational energy = — mv 2 and rotational 

1 ^ 

energy = — /co 2 . 

KE = — mv 2 + — loo 2 

2 2 
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1 2 1 

mv + 

2 2 



(v 7 = - mr 2 ) 
2 


1 2.1 2 3 2 

= — mv + — mv = — mv 

2 4 4 

Hence the correct choice is (c). 

4 3 

43. Mass ol sphere A , vV/, = — nR p A , mass ol sphere 

A/# = — KR s p B . Now, 7, = — A/^/? 2 and 
3 ^ 

2 , 

7# = — M b R 2 . Therefore, 

J A _ M a _ P,,) 

7 « A/ tf p B 


But r= 7a, where «is the angular acceleration of the 
sphere. Thus, la = JR. Also, linear acceleration a = 
aR. Therefore, 





Now, force of friction = p x normal reaction = 

^ 2 
//Mg cos 0. Thus pMg cos 0- — Ma 


or a = — pg cos 0 (ii) 

2 

Equating (i) and (ii) we have 
— g sin 0 = — pg cos 0 
2 

or p = — tan 0 

7 


Hence the correct choice is (c). 

44. When the cylinder rolls without sliding, the 
acceleration down the plane is 

2 . „ 
a,. = — g sin 0 
' 3 * 


When the cylinder slides without rolling, the 
acceleration is 

a s = g sin 0 


where 0 is the inclination of the plane. 

If h is the height of the inclined plane, their speeds 
on reaching the bottom are given by 

v r = yj2a r h and v s = yj2a s h 


Since a s > a n it follows that v s > v n which is choice 

(b). 


45. 


When the sphere rolls down the plane, its acceleration 
is given by 


a = 


gsin 0 


1 + 


7 

MR 1 


Now, the moment of inertia of the sphere about its 
diameter is 



Therefore, 


gsin0 5 . 

a = -— = - g sin 0 

1 + - 7 
5 



For rolling without sliding, the frictional force / 
provides the necessary torque r which is given by 
T = force x moment arm = fR 


Hence the correct choice is (d). 

46. Given PQ = OR = RP = L. The centre of mass is 
located at centroid C which cuts lines PS, QT and 
UR in the ratio 2:1. Let h = CS = CT = UC. In 
A PQS, we have (see Fig. 5.60) 



Since the structure consists of three identical rods, 
its moment of inertia about an axis passing through 
its centre of mass Cand perpendicular to its plane is, 
from parallel axes theorem, 

/ c = 3 (/ + Mh 2 ) 

where 7 is the moment of inertia of each rod about 
the axis passing through its centre and perpendicular 
to its length, which is given by 
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I = 


M V 


Also 


Mh 2 


12 

r r x2 


= M 


L 


2V3J 


V- 


MV 


12 


/ =3 


r Ml} ML ^ 
-+ 




= 3 x 


12 


A/ V 


12 


M V 


Hence the correct choice is (a). 

47. Refer to Fig. 5.43 on page 5.26. Moment of inertia 
is a scalar quantity. So the moment of inertia of the 
structure is the sum of the moments of inertia of the 
four rods about the specified axis of rotation, i.e., 

/=/ i +/ 2 +/ 3 +/ 4 

where l x = moment of inertia of rod 1 about an axis 
passing through its centre E and perpendicular to its 


plane = 


MV 

12 


/ 2 = moment of inertia of rod 2 about an axis passing 
through its centre F and perpendicular to its plane = 
ML 2 


12 ’ 

/ 3 = moment of inertia of rod 3 about a parallel axis 


at a distance — from it = M 
2 


f L\ 2 

k 2 


MV 


, and 


/ 4 = moment of inertia of rod 4 about a parallel axis 

L . ML 2 

at a distance — from it = -. 

2 4 

, ML 2 ML 2 MV Ml} 

/ = -+ - + - +- 


12 


12 


S - H 

= — A/L~, which is choice (d). 

3 

48. Refer to Fig. 5.61. It is clear from the figure that the 
moment of inertia of triangular sheet ABC = ^ x 
moment of inertia of a square sheet A BCD about its 
diagonal AC or l { = ^ I s . Now, mass of square sheet 

= M + M- 2 M. Therefore, 

. .... L 2 ML 2 

I s = (2M) — = - 

*12 6 

, _ A _ ml 2 
' 2 12 

Hence the correct choice is (a). 


\-«- 


Axis of rotation 



49 


_ m(AB)~ _ ma 
• 4c ; “ “T 


Fig. 5.61 

2 


AB 


HF 


EG 


3 

3 

m(BC) 2 

4 

= — ma 
3 

3 

m(AB) 2 

ma 2 

12 

12 

m(BC) 2 

ma 2 


12 


Thus, the moment of inertia about HF is the minimum, 
which is choice (c). 

50. Let v be the speed of the sphere when it reaches B. 
Then, loss in PE = gain in translation KE + gain in 
rotational KE, i.e. 


1 


mg ( 6 r - r) = — mv 2 + — lay 
2 2 


or 


c 1 2 1 2 2 

5 mgr = — mv + — x — mr x 
2 2 5 


v‘ 


1 2 ^ 2 ^ 2 

mv + - mv = — mv 

2 5 10 


5 0 gr 

or v = 4 /—— , which is choice (b). 


. mv m 50 gr 50 mg 

51. Horizontal force = -= — x —— =-- 

r r 1 7 


Hence the correct choice is (c). 
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2 

52. 1(0 = 7|0),. 1= — mr 2 9 1 , = — m 

5 5 \n 

r /, 

1(0 = -j ft), 

n~ 

or ft), = n 2 ( 0 , which is choice (d). 


2 frY / 


— I = — . Hence 
n 


53. K = - Ico 2 ,Ki= - 7, <u 2 = - x -4 (« 2 «) 2 


2 1 2 1 ‘ 2 


= I -/ftT 
2 


n 2 = n 2 K. 


Hence the correct choice is (c). 


54. V = — nr 3 or log V = log 
Differentiating, we have 


' 4 n N 

vTj 


+ 3 log r. 


SV Sr Sr 1 SV 1 1 

— = 3— or — =-= - x 0.5% = -% 

V r r 3 V 3 6 

Since no external torque acts, Ico = constant or 

2 2 2 

— mr (0 = constant or r ( 0 = constant (c) 

5 

or 2 log r + log ro = log c. Differentiating, we have 

2 5 r S ft) 

-+ — = 0 

r ft) 

5ft) . Sr 1 1 

or — = - 2 — = - 2 x -% = - -% 
ft) r 6 3 

The negative sign indicates that ft) decreases. Hence 
the correct choice is (b). 


55. /, = 


- MR 2 ,1 2 
2 2 


= M 


' R 2 


+ 


L 


2 \ 


12 


= M 


R 


+ 


12 


- MR 2 
2 


— =1, which is choice (a). 

h 

56. In one full revolution the increase in PE = MgL, 
where M is the mass of the rod. Therefore, 


MgL = - Ico 1 - — 
2 2 


/ ML 1 A 




(0 


J 


or 


(O 


= J— . Now v = L( 0 = L J— = yj6gL 
V L V L 


Hence the correct choice is (c). 


57. The cylinder will topple when the torque mgr equals 

h 

the torque ma — (see Fig. 5.62) 


or 


a-2s;=s 

h 2 


(v h = 4 r) 


(i) 



Now 


Fig. 5.62 

V = 2.45 r 

a = — = — (2.45? 2 ) =4.9? 


(It (It 


g 

Equating (i) and (ii), we get t = 


9.8 


2x4.9 9.8 


(ii) 


= 1 s. 


Hence the correct choice is (a). 

58. Loss in PE = gain in rotational KE. As the centre of 
mass of the rod falls through a distance LI 2, the loss 


MoL 1 n 1 

in PE = —-— . Gain in KE = — lof = — 
2 2 

Equating the two, we have 

MgL ML 2 (0 2 


'ML 2 ' 




ft) 


J 


or 


ft) = J— , which is choice (c). 


59. Using the parallel axes theorem. /= / CM + Mx~ where 
x is the distance of the axis of rotation from the C.M. 

(centre of mass) of the rod, which is x = — - — = — 

2 4 4 


• A1 SO / C .M. = 


MU 

12 


. Hence 


, ML 2 Ml} 1 Ml} , . , . , . . . 

/ = -+-=-, which is choice (a). 


12 


16 


48 
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60. PE at 0 = 60° is Mgh (I - cos 9) where h is the 
distance between the axis of rotation and the centre 
of mass of the disc. Gain in KE when the disc 

reaches the equilibrium position = ^ lor where 

/ = I CM + My 2 = ^ MR 2 + MR 2 = | MR 2 . Here x is 

the distance between the centre of mass and the axis 
of rotation, i.e. .v = R. 

Now PE = KE gives 

MsR (1 - cos 60°) = - /ft) 2 = - MR 2 or 

2 4 

(v h = R) 


2g 

which gives co = J— , which is choice (b). 

V 3 R 

61. Loss in PE = gain in rotational KE. Thus 

mgh = ^ (7 + mR~) CO 2 = ^ (MR 2 + mR~) CO 2 

= - R 2 (M+m) a? 

2 


or co = 


2 mgh 


(M + m)R- 


Hence the correct choice is (c). 

62. Moment of inertia of complete disc about O is 

/ = — MR 2 . Mass of the cut-out part is m = f — 

2 l 4 

The moment of inertia of the cut-out portion about its 


r 1 2 1 

own centre 7 n = — mr = 

2 2 


M\(R 




— MR 2 
32 



f M \ 

(R^ 

— MR- + 



32 

\ 4 , 

<2 J 


because r = /?/2. From the parallel axes theorem, the 
moment of inertia of the cut out portion about O is 

2 

. 


= — MR 2 

32 


.*. Moment of inertia of the shaded portion about O is 


/=/-/ = - MR 2 - — MR 2 = — MR 2 , which is 
5 c 2 32 32 

choice (c). 

63. We obtain the given hollow sphere as if a solid sphere 
of radius R has been removed from a solid sphere of 
radius 2 R. The mass of the given hollow sphere is 
(here p is the density of the material of the sphere) 
M = M x - M 2 


4 , 4 , 

where M x = — k (2R) p and M 2 = — nR p are the 
3 3 

masses of spheres of radii 2 R and R respectively. 


M = — KR 3 p 
3 


(i) 


The moment of inertia of the given hollow sphere is 
/ = - M, (2 R) 2 - | M 2 R 2 

= jX^tt(2/?) 3 p(2/?) 2 - jx!(kR 3 p)r 2 


= - (32 - 1) — KR 5 p 
5 3 

62 


(ii) 


Using (i) in (ii), we get /= — MR , which is choice 
(d). 35 

64. Let /, and co x be the moment of inertia and angular 
frequency when his arms are outstretched and I 2 and 
co 2 those when his arms arc folded. Then 
I x co x = I 2 co 2 

3 3 4 

Given I 2 = — /,. Hence 7,0), = — I x co 2 or co 2 = — (O x . 

1 2 

Initial KE is K x = — I x (0 x and final KE is 


„ 1 f 2 1 37, (4 co, 

K 2 = - I 2 CQi= -x-r X 
- 2 “ “ 2 4 


4 

3 


(l 


- IjCOf 
2 1 1 


= -K { 
3 1 


.*. Percentage increase in KE 


K - K 

= til —— x 100 = 3 


K 


K 


x 100 


100 


= 33.3% 


Hence the correct choice is (a). 

65. Refer to Fig. 5.63. When the masses arc released, the 
torque is 

////////////// 


m- 4 kg 



m 2 = 2 kg 


mi = 1 kg 


Fig. 5.63 
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T = (m 2 g - m l g) x r 
= (m 2 -m ] )gr 


But 

where I 
pulley 


a 


(i) 

(v a = ra) 


z = la = I — 
r 

M.I. due to m | + M.I. due to m 2 + M.I. of 


2 , 2,1 2 

= nur + /w?r + — /wr 

2 


/w i 2 

aw, + m-, + — I r 
1 2 2 


T = 


m 

/;?. + /??-> H— I £/r 
" 2 1 


(ii) 


Equating (i) and (ii), we get 

(w 2 -/W,)g 


W , + /?? 2 + 


2 > 


Putting Wj = 1 kg, m 2 = 2 kg and m = 4 kg, we get 

g 

a = —. Hence the correct choice is (c). 

5 

66. Torque la = F x r or 10a = (20/ - 5r) x 2 or 


a = (4/ - r) rad s 2 . But a = —. Therefore 


dco 


dt 


dco . 2 

= 4t-r 
dt 


Integrating, we have 


to = 


3 \ 


2/ 2 - 




= r 




2 - - I rad s 1 
3 


The pulley reverses its direction when = 0 


momentarily, i.e. when 


2 - — 
3. 


= 0 or t = 6 s. 


Now = —. Thus 
dt 

dQ t 


dt 


= 2 r - — 
3 


2 1 


or 


0 = -— — = - 


t 
12 


> 3 f 


2- 


-I rad 
4 


For t = 6 s, 6 = 


( 6 ) ; 


/ 


2 -- 

4 


= 36 rad 


One full rotation corresponds to 0=2/rrad. Therefore, 
number of rotations 

36 36 


2n 2x3.14 

Thus the closest choice is (a). 


= 5.7 


67. Magnitude of torque = Fr sin 0 where 0 is the angle 
between the force vector and the radius vector. The 
torques are (see Fig. 5.48 on page 5.29) 

T, = 8 N x 0.2 m x sin 30° = 0.8 Nm (clockwise) 

r 2 = 4 N x 0.2 m x sin 90° = 0.8 Nm (anticlockwise) 
t 3 = 9 N x 0.2 m x sin 90° = 1.8 Nm (clockwise) 
r 4 = 6 N x 0.2 m x sin 0° = 0 

Net torque = + 0.8 Nm - 0.8 Nm + 1.8 Nm + 0 = 
1.8 Nm clockwise. Hence the correct choice is (b). 

68. From the principle of conservation of angular 
momentum, I 0 (O 0 = Ico , where 7 0 and o) 0 are the 
moment of inertia and angular velocity when the 
beads arc at the centre of the rod and I and co those 
when the beads are at the ends of the rod. 


In 


or 


ML 

12 


and / = 


ML 1 mL mt 
-+-+- 


ML 

12 


(On = 


CO = 


12 

(M + 6 m) col: 


4 4 

2 


12 


Mco ( 


(M + 6m) 


— (M+ 6m) 
12 


Hence the correct choice is (b). 

69. Because of symmetry about axes 1 and 2, /, = / 2 . 
Similarly, / 3 = / 4 . From perpendicular axes theorem, 
it follows that the moment of inertia of the plate about 
an axis passing through the centre and perpendicular 
to the plane of the plate is 

/=/,+/ 2 = / 3 + /4 = 2 / i = 2/ 3 

(v / l =/ 2 ,/ 3 =/ 4 ) 

or /,=/ 3 . 

Thus / = /j + I ^ — / 3 + / 4 = /j + Iy 

Hence the correct choice is (c). 

70. Refer to Fig. 5.64. The angular momentum of the 
mass at point P (x, y) about origin O is defined as 


y 



Fig. 5.64 

L = mr x v = m (xi + >*j) x (i>i ) 


= myv 


(-«) 


( A A A A A\ 

v i x i = 0 and j x i = - k) 
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Now /;? and v are constants. Also y remains constant 
as the mass moves parallel to the x-axis. Hence L 
remains constant. Thus the correct choice is (b). 

71. Since there is no friction between the sphere and 
the horizontal surface and also between the spheres 
themselves, there will be no transfer of angular 
momentum from sphere A to sphere R due to the 
collision. Since the collision is elastic and the spheres 
have the same mass, the sphere A only transfers its 
linear velocity v to sphere B. Sphere A will continue 
to rotate with the same angular speed co at a fixed 
location. Hence the correct choice is (c). 

72. Refer to Fig. 5.65. Let OC = R c and let v c , be the 
velocity of the centre of mass of the disc. The linear 
momentum of the centre of mass is p ( = M\ c 

If L ( is angular momentum of the disc about C, then 
the angular momentum about origin O is L 0 = L t + 

R< x p, 



Magnitude L () = I c co + R ( x Mv c sin 0 


= — MR 2 a) + MR r v r sin 6 

2 ^ * 

(v 4 = \ MR 2 

= — MR 2 co+ MR x Rco 
2 


(v R c sin 0 = R and v c = Rco) 

= - MR 2 co 
2 

Hence the correct choice is (c). 

73. Let m be the mass of the loop and r its radius. The 
moment of inertia of the loop about an axis passing 
through the centre O is (Fig. 5.66) 



X' 


Y' 


Fig. 5.66 


From the parallel axes theorem, the moment of 
inertia about XX' is 


I = I Q + mr~ 


1 2,2 
mr + mr 

2 



The mass of the loop, m = pL and radius r = L12k. 
Hence 



x pLx 


(L\ 

\2n j 


3 pi? 
Stz 2 


Thus the correct choice is (d). 

74. The entire mass of the liquid can be regarded to be 
concentrated at the centre of mass of the tube which 

is at a distance of r = — from the axis of revolution. 

2 

The force exerted by the liquid at the other end of the 
tube is the centripetal force of a mass M revolving in a 

circle of radius r— — . Thus 

2 

Mv 2 M (rco) 2 w 2 MLco 2 

F r = -= —-—— = Mr co 1 = - 

r r 2 


Hence the correct choice is (a). 

75. Torque due to F about A is r, = FL 

Since the weight mg acts through the centre of mass 
of the block (which is at a distance of L/2 from the 
side of the block) the torque due to weight mg about 
A is 

(L\ 


The minimum force required to topple the block is 
obtained when r, is slightly greater than r 2 , i.e. 


( T l)min = h or ^min ^ = m g 


'f) orF„„- "* 


Hence the correct choice is (c). 

76. Since no external force acts on the system, the centre 
of mass will remain at rest. Hence the correct choice 
is (a). 

77. The velocity v CM of the centre of mass can be 
obtained by using the principle of conservation of 
linear momentum, 

MV = (M + m) t? CM 

MV 10 kg x 14 ms' 1 

or Vr\A = -= ——-- 

(A/ + /??) (10+ 4) kg 

= 10 ms -1 

Hence the correct choice is (c). 
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78. When a cylinder rolls up or down an inclined plane, 
its angular acceleration is always directed down the 
plane. Hence the frictional force acts up the inclined 
plane when the cylinder rolls up or down the plane. 
Thus, the correct choice is (b). 

79. The correct choice is (d). 

80. The magnitude of angular momentum of a rotating 
body is given by L = Ico. If no torque acts, the angular 
momentum is conserved, i.e. Ico = constant. Hence 
/, to, = 1 2 to 2 . If A, and K 2 are the corresponding radii 
of gyration, then /, = MK\ and I 2 = MK 2 . Hence 

MK] to, = MK\ to 2 


A 


or 


l _ 


K- 




=, which is choice (c). 


81. Given: / = 6 R. From parallel axes theorem, the 
moment of inertia about the given axis is given by 


/ = M 


( R 2 


-+1- 
4 + 3; 


= M 


, (6 Ry 

4 3 


= M 


r R 2 


+ 


36 R 


2 \ 


V 


49 MR 


4 3 

Hence the correct choice is (d). 


A , , . , area swept by radius vector 

82. Areal velocity A = -^— - 

time taken 

Assuming that the orbit of the planet is a circle of 
radius A, then 

>2 


A = 


kR 4 


2 K 


Now, time period T = — . Hence 


A = 


or 


to = 


co 

7: R 2 
2/r/to 

2 A 


R 2 (D 


R 


2 A 


Angular momentum L = Ico = (MR) x —- = 2 MA 

R~ 

Hence the correct choice is (b). 

83. The mass of the rod can be considered to be 
concentrated at its centre (x = LIT) where x = 0 is the 
origin. Hence 


_ A/, xL/2 + 0 

^CM “ 


LM , 


M , + M 


2 (M, + M 2 ) 

Hence the correct choice is (b). 

84. Let L cm be the original length of the spring and A'be 
the spring constant. Then 

m(L + x,) (o\ = kx , 
and m(L + x 2 ) co\ = kx 2 

Dividing, we get 

2 

(i) 


( L + x j ^ 


co, 

X 

^ L + x 2 ) 


< to 2 > 


GivcnA',= I cm,A 2 = 5cmandto 2 = 2to,.Usingthesein 
(i) and solving, we get L- 15 cm, which is choice (b). 


-ico 1 

85. L = lco= 2 


1 


to 


2K i ^ 1 , 2 ■ u 

-, where A = — /to“ is the 

to 2 


kinetic energy. If to is doubled and K is halved, the 
value of L becomes one-fourth. Hence the correct 
choice is (d). 

86. Rod POQ of length / = 100 cm is bent at its mid-point 
O so that Z POQ = 90° (see Fig. 5.67). The mass of 
part PO of length //2 can be taken to be concentrated 
at its mid-point A whose coordinates are (0, 1/4) and 
of part OQ of length 112 at its mid-point B whose 
coordinates are (7/4, 0). The centre of mass of these 
two equal masses is at mid-point C between A and B. 
The coordinates of C are (//8, //8). 



/ 


Ei 

which is choice (c). 


100 cm 


= 17.7 cm. 
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87. L = mr 2 (O. For given m and ( 0 , L °c r 2 . If r is halved, 
the angular momentum L becomes one-fourth. Hence 
the correct choice is (a). 

M 

88. Mass per unit area ot the disc =-r-. Therefore, mass 

n R 2 

of the removed portion (hole of radius R/ 3) is 


M 

(R^ 

2 M 

1 y 1 / V ^ 

m = -^ x k 

— 

= - 

kR 2 

1.3; 

9 

— mv 2 + — I — 

2 2 \R> 


The moment of inertia of the complete disc about an 
axis passing through its centre O and perpendicular 
to its plane is 

I = - MR 2 
2 

Using the parallel axes theorem, the moment of inertia 
of the removed portion of the disc about the axis 
passing through O and perpendicular to the plane of 
the disc is 

/' = MI of mass m about O' + m x 00 ' 


1 

= — m 
2 


' R\ 2 (2R' 

\ 3 / v s j 


+ m x 


1 M R z M 4 R z 1 wn2 

— x — x — + — x - = — MR 

2 9 9 9 9 18 


Therefore, the moment of inertia of the remaining 
portion of the disc about 0 = 1-1'= ^ MR 2 - 
1 2 4 2 

— MR" = — MR . Hence the correct choice is (d). 
18 9 

89. Let A/be the mass of the sphere. The mass of the disc 
will also be M. The moment of inertia of the sphere 
about its diameter is 

/, = - MR 2 
s 5 

The moment of inertia of the disc about its edge 
and perpendicular to its plane is (using parallel axes 

theorem) 

I d = + Mh 1 = - Mr + Mr 


cm 


= - Mr 2 
2 


Given I s = I cl . Hence, we have 


- MR 2 - — Mr 2 
5 2 


r 2 

which gives — = .— , which is choice (a). 

R vl5 

90. From the principle of conservation of mechanical 
energy, we have 

1 2 1 , 2 

— mv~ + — 1(0 = mgh 

2 2 


= mg x 


3 zr_ 

4 g 


On solving, we get / = 


mR 


. Hence the object is a 


disc, which is choice (d). 


91. Consider a rod OP of length L lying along the x-axis 
with O as the origin (Fig. 5.68). Consider a small 
element AB of length dx at a distance a* from O. 


A B 


0 


:*xxx>rJ 

xxxxxx 


dx 

Fig. 5.68 

Mass of element AB (= dm) = mdx = — (xdx) 

L 

The distance of the centre of mass from O is given by 

. l 

7 , 

X 


X CM 


r -fjC 2 dx 

_ ](dM)x _L{ 

J (clM) ” k \ 

L 


L. 

\xd 


x 


If 13 2 L 
1}~12 ~ T 


The correct choice is (b). 

92. Let co be the angular velocity acquired by the system 
(rod + bullet) immediately after the collision. Since 
no external torque acts, the angular momentum of 
the system is conserved. T hus 

mvL =Ico (1) 

where I is the moment of inertia of the system about 
an axis passing through O and perpendicular to the 
rod. Thus 

/ = M.l. of rod about O + M.l. of bullet stuck at its 
lower end about O 
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= - ML 2 + ml} = - ( M+3m)L 2 (2) 


Using Eq. (1) in Eq. (2), we have 

1 2 
mvL = — (M+ 3m)L co 


or 


co = 


3 mv 
L(M + 3m) 


Hence the correct choice is (c). 

93. The initial angular momentum of the rotating record 


is 


where 


L =1(0 

I = - MR 2 . 
2 


Let co' be the angular velocity of the record when the 
coin of mass m is placed on it at a distance r from 


its centre. The angular momentum of the system 
becomes 


_/ 


V = (/ + mr)co 

Since no external torque acts on the system, the 
angular momentum is conserved, i.e. 

L' = L or (/ + mr 2 )co ' = Ico 


or 


co' = 


1 co 


I + m r 2 


MR 2 co 
2 _ 

M R 2 + m r 2 


or 


co' = 


CO 


r 


1 + 


2m r 
M R 


2 \ 


) 


Putting r = R/2, we find that the correct choice is (a). 


i 

SECTION 


Multiple Choice Questions Based on Passage 


Questions 1 to 3 are based on the following passage. 

Passage I 

A hollow sphere of mass M and radius R is initially at rest 
on a horizontal rough surface. It moves under the action of 
a constant horizontal force Fas shown in Fig. 5.69. 


F 



1. 


2. 


The frictional force between the sphere and the 
surface 

(a) retards the motion of the sphere 

(b) makes the sphere move faster 

(c) has no effect on the motion of the sphere 

(d) is independent of the velocity of the sphere. 

The linear acceleration of the sphere is 


(a) a = 
(c) a = 


1QF 
1M 
6F 
5 M 


(b) a = 
(d) = 


IF 

5M 

F_ 

M 


3. The frictional force between the sphere and the 
surface is 

F F 


(a) 

2 

( b ) T 


F 

F 

(c) 

4 

«*> 7 


Solutions 

'v" 

1. If the horizontal force F is applied at the centre of 
mass of the sphere, then the frictional force opposes 
the translational motion of the sphere. If force F is 
applied above the centre of mass, the torque due 
to frictional force tends to rotate the sphere faster. 
Hence, in this case, frictional force/acts in the di¬ 
rection of motion, as shown in Fig. 5.70. Thus the 
correct choice is (b). 


F 
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2. Let a and a be the linear and angular accelerations 
of the sphere, respectively. For translational motion, 

F + /= Ma (1) 


The magnitude of the net torque acting on the sphere 
= FR —JR. Hence, for rotational motion the equation 
is 

la 

FR - fR = la = — (v a = aR) 

K 


For a hollow sphere,/= ~ MR~. Hence 

2 , a 2 

FR-fR = - MR 2 x — = -= MRa 
3 a 3 


F -/= ~ Ma 
3 


( 2 ) 


6 F 


Equations (1) and (2) give a = ttt , which is choice 
(c) 

Ma _ F 

3. From Eqs. (1) and (2) we get/= - ~. Hence the 

correct choice is (d). 


Questions 4 to 7 are based on the following passage. 

Passage II 

Four solid spheres each of mass m and radius r are located 
with their centres on four corners of a square A BCD of side 
a as shown in Fig. 5.73. 



4. The moment of inertia of sphere A about diagonal AB 
is 

2 2 ... 2 


(a) — mr 
3 


(b) -mF 
5 


/ 


(c) m 


r 2 + — 


2 \ 


V 


(d) m 


r a 2 


— r 


) 


5. The moment of inertia of sphere C about diagonal AB 
is 


(a) — mr 


m 


(c) j(5r 2 + 3a 2 ) 


(b) — m(2r 2 + 3 a 2 ) 
•/ 


m 


(d) - (4r + 5S) 


6 The moment of inertia of the system of four spheres 
about diagonal AB is 


m 


(a) j(Sr 2 + 5a 2 ) 


m 


(b) — (Jr 2 + 4a 2 ) 


m 


(c) - (5r + 8a ) 


m 


(d) y(3r + 5a 2 ) 


7. The moment of inertia of the system of four spheres 
about side AD is 


(a) 


(c) 


2/77 

5 

2/77 


(2 r 2 + 5 a~) 


(4r + 5a 2 ) 


m 


(b) ~ (7r 2 4- 5a 2 ) 


m 


(d) — (3r 2 + 5a 2 ) 


Solutions 


V .-' D 


Refer to Fig. 5.72. 

The moment of inertia of spheres A and B about their 


♦ ^ 1 
common diameter AB = — mr 

•*7 


each. Also the moment of 


inertia of spheres C and D about an axis passing through 

2 2 

their centre and parallel to AB = ~ mr each. 1 he distance 

of this axis (shown by broken lines) from the diagonal AB 
=■ a/ yj2 • From the parallel axes theorem, the moment of 
inertia of spheres C and D about diagonal AB is 


Axis 

v 

N 



Fig. 5.72 


2 . j 2 - (a 

— mr + m(CO) = — mr + m 


2 

5 


2 ma 2 
mr + —— 
2 


4. The correct choice is (b). 

5. The correct choice is (d). 

6 . The moment of inertia of the system of four spheres 
about diagonal AB is 

/ AB = Ml of A about AB + MI of B about AB + MI 
of C about AB + MI of D about AB 

2 2 2 i 2 7 1 2 2^1 2 

= — 777 /' H 777 V H 777 /'“ + — 777 C7 + — 7777* H ma 

5 5 5 2 5 2 
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8 ? 2 
= — mr 4- ma 

5 


' 8,- 2 


w 


+ a' 


The correct choice is (a). 

7. Moment of inertia of sphere A about side 


10. If g = 10 ms 2 , the distance of the point at which the 
sphere falls on the ground with respect to point B 
(which is vertically below the end A of the track) is 
(a) 1.0 m (b) 1.4 m 

(c) 2.0 m (d) 2.8 m 


AD = moment of inertia of sphere D about side 
2 2 

AD = — mr. Using the parallel axes theorem, 

moment of inertia of sphere C about AD = moment of 

, 2 2 
inertia of sphere B about AD = — mr + ma . Hence 

the moment of inertia of the system of four spheres 
about side AD is 

I AD = MI of A about AD + MI of D about AD + MI 
of B about AD + MI of C about AD 

2 2 2 2 2 2 2 2 2 2 
= — mr + — m r + — m r + ma + — m r + ma 


8 "» i 

= — mr + 2 ma = m 
5 


/ 8r 2 2 A 

- v 2 a 

v 5 , 


The correct choice is (c). 


Questions 8 to 10 are based on the following passage. 

Passage III 

A small sphere rolls down without slipping from the top of 
a track in a vertical plane. The track has a elevated section 
and a horizontal part. The horizontal part is 1.0 m above 
the ground and the top of the track is 2.4 m above the 
ground. (See Fig. 5.73) 



Fig. 5.73 

_ 'j 

8. If g = 10 ms , the horizontal velocity when the 
sphere reaches point A is 

(a) 77 ms 1 (b) 2 75 ms -1 

(c) 77 ms -1 (d) 2 77 ms -1 

9. If g = 10 ms , the time taken by the sphere to fall 
through h — 1.0 m is 

2 

(c) 0.1 s (d) 0.2 s 



/A 


Solutions 

v / V° 


8. The loss in potential energy when the sphere moves 
from the top of the track to point A = gain in total 
kinetic energy (translational and rotation), i.e. 

1 2 1 2 

Mg(H -h)= ~ Mv 2 + - Ico- 

2 2 V 

where / = — MR- and co = —. Thus 
5 R 

1 2 1 2 j 

Mg(H-h) = ~ Mir + - x - MR 2 x 


f v v 


1 2 1 2 7 
= — Mv + — Mv = — Mv 


\Rj 
2 


10 


or 


v = 


nl/2 


10 (H-h )g 
1 


10 x (2.4- 1.0) x 10 


12 


= 275 


ms 


The correct choice is (b). 

9. Since the vertical component of velocity is zero, the 
time of flight is 

[2h 1 2x1.0 1 

t = yj — = yj ——— = -j= s, which is choice (a). 

10. Horizontal range — vt— 277 x — 2.0 m, which 
is choice (c). 


Questions 11 to 14 are based on the following passage. 

Passage IV 


Two blocks of masses 
m , = 3 m and m 2 = m are 
attached to the ends of a 
string which passes over 
a frictionless fixed pulley 
(which is a uniform disc 
of mass M = 2 m and 
radius R) as shown in 
Fig. 5.74. The masses 
are then released. 

11. The acceleration 
of the system is 
(a) 2 g 
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, . 2 s 
(0 5 

60 

Tension T x is 



® 3 7 

<0 7 I s 

(d) 9mg 

5 

Tension 7\ is 


. , 9 mg 
(3) 5 

1 mg 

(b) -f- 

(c) mg 

3 mg 
(d) / 

The magnitude of torque 

on the pulley 

(a) 2 mgR 

(b> imgR 
3 

<o lm f 

(d) 3 mgR 



Solutions 


Refer to Fig. 5.75. Since the pulley has a finite mass, the 
tensions T x and T 2 will not be equal. If a is the acceleration 
of the system, the equations of motion of masses 



m i g - T x = m x a => 3 mg - T x = 3 ma (1) 

and T 2 - m 2 g = m 2 a => T 2 - mg = ma (2) 

The resultant tension (T { - T 2 ) exerts a torque on the 
pulley which is given by 

t=(T 1 -T 2 )R (3) 

1 

Also, z = la where / = — MR" and a is the angular 
acceleration which is given by 


a 

a ~ R 

1 a 1 

r = — MR~ x — = — MRa = mRa 

2 R 2 


From Eqs. (3) and (4) we get 
T x -T 2 = ma 


(4) 

(v M = 2m) 

(5) 


11. Using Eqs. (1) and (2) and (5) and solving for a we 

2 g 

get a = —. Hence the correct choices is (c). 

12. From Eqs. (1) and (2) we get T x = 3m(g - a) = 


3/77 


2g ^ 9 mg 


; which is choice (d). 


2g ^ 

v 5 ) 


13. Eqs. (1) and (2) give T 2 = /7/(g + a) = m 

Wg so choice (b) is correct. 

2 g 2meR 

14. From Eq. (4) r= mRa = mR x — = — 1 — , which 
is choice (c). 


Questions 15 to 18 are based on the following passage. 

Passage V 

A small solid sphere of mass m rolls without 
slipping on the track shown in Fig. 5.76. The radius of the 
circular part of the track is R. The sphere starts from rest 
from point P at a height H- 4.5 R above the bottom. 



15. The speed of the sphere when it reaches point Q on 
the track is 

(a) yJlgR (b) yfigR 

(c) y/5gR (d) sflgR 

16. The horizontal force acting on the sphere when it is 
at point Q is 

(a) mg (b) 2 mg 

(c) 3 mg (d) 5 mg 
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17. The magnitude of the force acting on the sphere 
when it is at point Q is 

(a) Vi!? mg (b) yfs mg 

(c) V26 mg (d) 3%/3 mg 

18. What is the minimum value of height H so that the 
sphere can reach the top A of the circle? 

(a) 2.4 R (b) 2.5 R 

(c) 2.6 R (d) 2.7 R 



Solutions 


15. 


Loss of P.E. at Q = Gain in K.E. 
mg(II-R) = ~ mv~ + - Ico~ 


1 , 1 

=> mg(4.5R - R)= — /wir + — x 




1 2 1 2 7 2 

= — mv + — mv = — mv 

2 5 10 


which gives v = yj5gR . Hence the correct choice 
is (c). 


16. At point Q the velocity is directed tangentially. 
Thus, the horizontal force acting on the sphere at 
point Q is the centripetal force directed towards the 
centre O of the circular part of the track and is given 
by 

mv 2 m 

F,= —— = — x (5 gR) = 5 mg, which is choice (d). 

17. The vertical force acting on the sphere is 

F v = weight of the sphere = mg 

Net force F= y Jf , 2 + F; = V 26 mg 

Thus the correct choice is (c). 

18. The sphere will rise to point A if it has a minimum 
speed at A which satisfies 

mv 2 A — 

~Y~ = mg ^ Va = ^ Rg 

The minimum value of II is given by 

7 7 

m g ( H min -2 R)= w mV A = mRg 
=> H=2R + 0.7 R = 2.7 R, which is choice (d). 


13 1 

SECTION 


Assertion-Reason Type Questions 


In the following questions, Statement-1 (Assertion) is 
followed by Statement-2 (Reason). Each question has the 
following four choices out of which only one choice is 
correct. 

(a) Statement-1 is true, Statement-2 is true and 
Statement-2 is the correct explanation for 
Statement-1. 

(b) Statement-1 is true, Statement-2 is true but 
Statement-2 is not the correct explanation for 
Statement-1. 

(c) Statement-1 is true, Statement-2 is false. 

(d) Statement-1 is false, Statement-2 is true. 

1. Statement-1 

A solid cylinder of mass M and radius R rolls down 
an inclined plane of height h. The rotational kinetic 
energy of the cylinder when it reaches the bottom of 
the plane is Mgh/3. 


Statement-2 

The total energy of the cylinder remains constant 
throughout its motion. 

2. Statement-1 

Two bodies A and B initially at rest, of masses 2m 
and m respectively move towards each other under 
mutual gravitational force of attraction. At the instant 
when the speed of A is v and that of B is 2v , the speed 
of the centre of mass of system is 4v/3. 

Statement-2 

fhe speed of the centre of mass of a system changes 
if an external force acts on the system. 

3. Statement-1 

The angular momentum of a particle moving in 
a circular orbit with a constant speed remains 
conserved about any point on the circumference of 
the circle. 
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Statement-2 

If no net torque acts, the angular momentum of a 
system is conserved. 

4. Statement-1 

Two blocks of masses M and m (with M > m) arc 
connected by a spring of negligible mass and placed 
on a horizontal frictionless surface. An impulse gives 
a velocity V to the heavier block in the direction of 
the lighter block. The velocity of the centre of mass is 

MV 


floor in the vertical plane. The angular velocity of the 
rod when its ends B strikes the floor is sj^g/L . 

Statement-2 

The angular momentum of the rod about the hinge 
remains constant throughout its fall to the floor. 

8. Statement-1 

For a particle moving in a circle with a constant 
speed, the direction of the centripetal force depends 
on whether the particle is moving clockwise or 
anticlockwise along the circle. 

Statement-2 


Statement-2 

The principle of conservation of linear momentum is 
applicable to the centre of mass motion. 

5. Statement-1 

A tube of length L is filled completely with an 
incompressible liquid of mass M and closed at both 
the ends. The tube is then rotated in a horizontal 
plane about one of its ends with a uniform angular 
velocity ( 0 . The force exerted by the liquid at the 
other end is ML co 2 . 

Statement-2 

The entire mass of the liquid can be regarded as 
being concentrated at the centre of mass of the tube. 

6. Statement-1 

A thin wire of length L and mass m is bent into 
a circular loop of radius r as shown in Fig. 5.77. 
The moment of inertia of the loop about the XX' is 
3mL 2 /&7?. 



Statement-2 

According to the parallel axes theorem, the moment 
of inertia of the loop about XX' = moment of inertia 
about YY' + my 2 . 

7. Statement-1 

A thin uniform rod AB of mass M and length L is 
hinged at one end A to the horizontal floor. Initially 
it stands vertically. It is allowed to fall freely on the 


The centripetal force is directed radially towards the 
centre of the circle. 

9. Statement-1 

A body tied to a string is moved in a circle with 
a uniform speed. If the string suddenly breaks, the 
angular momentum of the body becomes zero. 

Statement-2 

The torque on the body equals the rate of change of 
angular momentum. 

10. Statement-1 

A solid cylinder and a solid sphere have the same 
mass M and the same radius R. If torques of equal 
magnitude are applied to them for the same time, the 
sphere will acquire greater angular speed. 

Statement-2 

For a given torque, the angular acceleration is 
inversely proportional to the moment of inertia. 

11. Statement-1 

If a disc rotating about its axis with a certain angular 
speed is gently placed on a horizontal frictionless 
surface, it will roll along the surface with the same 
angular speed. 

Statement-2 

No torque acts on the disc if the friction is absent. 

12. Statement-1 

Two solid spheres of the same radius, one made of 
steel and the other of aluminium are released from 
rest from the top of an inclined plane at the same 
time. The two spheres will reach the bottom at the 
same time. 

Statement-2 

The linear acceleration down the plane is independent 
of the mass of the sphere. 
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13. Statement-1 

A sphere and a cylinder slide without rolling from 
rest from the top of an inclined plane. They will 
reach the bottom with the same speed. 

Statement-2 

Bodies of all shapes, masses and sizes slide down a 
plane with the same acceleration. 

14. Statement-1 

If a cylinder rolling with angular speed 0 ) suddenly 
breaks up into two equal halves of the same radius, 
the angular speed of each piece becomes 2 co. 

Statement-2 

If no external torque acts, the angular momentum of 
a system is conserved. 

15. Statement-1 

Friction is necessary for a body to roll on a surface. 

Statement-2 

Friction provides the necessary tangential force and 
torque. 

16. Statement-1 

A sphere is rolling on a rough surface in the direction 
of the arrow as shown in Fig. 5.78. The force of 
friction at the point of contact will be in the direction 
of the arrow. 



Fig. 5.78 


Statement-2 

Friction opposes motion. 

17. Statement-1 

During perfect rolling, the force of friction becomes 
zero. 

Statement-2 

The speed at the point of contact becomes zero. 

18. Statement-1 

During rolling, the acceleration of the point of 
contact is non zero. 

Statement-2 

The direction of the velocity changes with time. 


r/'A Solutions 

1. The correct choice is (a). 

From the law of conservation of energy, we have 
Potential energy = Translational kinetic energy + 
Rotational kinetic energy 


or 


or 


1 ? 1 ? 

Mgh = — Mv~ + — Icor 
2 2 


or 


Mgh = - MR 2 or + - 
2 2 

= - MR 2 or 
4 

2 4 g h 

or = 

3 R- 


( —MR 2 

u 


or 


1 


Now the rotational kinetic energy = — lor. 
Substituting for or and /, we have 

Rotational kinetic energy = — (— MR 2 \ — 

2\2 / 3/e 2 

_ Mgh 


2. The correct choice is (d). Mutual gravitational force 
is internal to the system. Since no external force acts 
on the system, the centre of mass (which is initially 
at rest) will remain at rest. 

3. 'fhe correct choice is (d). Since the centripetal force 
is radial (directed towards the centre of the circle), 
the torque due to this force is zero about the centre. 
Hence, angular momentum remains conserved only 
about the centre of the circle. 


4. The correct choice is (a). From the principle of 
conservation of linear momentum, we have 

MV = (M + m)v CM 


which gives v CM = 


MV 

(M + m) 


5. The correct choice is (d). The entire mass of the liquid 
can be regarded as being concentrated at the centre 

of mass of the tube which is at a distance of r = — 

2 

from the axis of revolution. The force exerted by the 

liquid at the other end of the tube is the centripetal 
force of a mass M revolving in a circle or radius r = 
L 

2 * 
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Thus 


_ Mv 2 M(r(o) 2 __ 2 MLco 
F = -=- = Mr or =- 


6 . The correct choice is (a). The moment of inertia of 
the loop about an axis passing through the centre O is 

i 1 2 

In = - mr 
2 

From the parallel axes theorem, the moment of 
inertia about XX' is 


it 2^2 2-^2 

/ = I n + mr = — mr + mr = — mr 

2 2 


Now 


L=2nr or r — L!2n. Therefore, 


/ = — x(—] 2 = 

2 \2n) 8 7 T 


7. The correct choice is (c). Loss in P.E. = gain in 
rotational K.E. As the centre of mass of the rod falls 


through a distance L/2, the loss in P.E. = -y- . Gain 

. 1.7 1 f ML 2 ) , 

in K.E. = - /or = - - or 

2 2 V 3 


Equating the two, we have 


MgL\ f ML 2 (O 2 




8 . The correct choice is (d). 

9. The correct choice is (d). Since no external torque 
acts on the body even after the string breaks, the 
angular momentum will remain unchanged. 

10. The correct choice is (a). For cylinder, I c = —MR 2 

^2 

2 

and for sphere I s = — MR~. Also r = la 

5 


or a = —. For a given r, a is inversely proportional 
to /. Hence 


Since 7 r > I s ; a v > a c . Since radius R is the same for 
both, a s > a c . Since time is the same, co s > co c . 

11. The correct choice is (d). Since no torque acts, the 
disc will not roll on the surface; it will simply keep 
on rotating at the point where it is placed. 

12. The correct choice is (a). The linear acceleration is 


gsinO 5 g sin 6 



|v 1 = ~MR 2 

Thus the acceleration is independent of the mass of 
the sphere. Hence the two spheres of the same radius 
will reach the bottom at the same time. 

13. The correct choice is (a). If a body slides down an 
inclined plane, its acceleration is 

a = g(sin 6- fi cos 6) 

which depends only on g, 6 and //. 

14. The correct choice is (a). If I is the moment of inertia 
of the complete cylinder, the moment of inertia of 
each piece becomes //2. Since L = Ico is constant, the 
angular speed of each piece becomes 2 co. 

15. The correct choice is (a). 

16. The correct choice is (a). The direction of the linear 
velocity at A, the point of contact is to the left 
(opposite to the direction of the arrow). Since friction 
opposes motion, the direction of the frictional 
force at A will be in the direction of the arrow, 
i.e. in the direction along which the sphere is 
rolling. 

17. The correct choice is (a). The effect of frictional 
force is to decrease the speed of the body at the point 
of contact. When speed is zero, perfect rolling begins 
and the force of friction becomes zero. Hence no 
work is done. 

18. The correct choice is (a). Since the body is rotating 
while it is rolling, the direction of the velocity is 
changing with time. Hence the instantaneous 
acceleration of the point of contact is not zero. 
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^ Previous Years' Questions from AIEEE, IIT-JEE, 
JEE (Main) and JEE (Advanced) 

SECTION (with Complete Solutions) 


1. Two identical particles move towards each other 
with velocity 2v and v , respectively. The velocity of 
the centre of mass is 

(a) v (b) j 

(c) - (d) zero |2002] 

2 


2. The initial angular velocity of circular disc of mass 
M is rOj. When two small spheres, each of mass m> 
are placed gently on two diametrically opposite 
points on the edge of the disc, the angular velocity 
of the disc becomes 



( M + m \ 




M 


J*>i 



f M + m \ 

V m 




f M 
< M + 4m 


co x 



f M 
k M + 2/?? 


CO, 


| 2002 | 


3. A solid sphere, a hollow sphere and a ring are released 
from the top of a frictionless inclined plane so that 
they slide down the plane. Then 

(a) the solid sphere will have maximum acceleration 

(b) the ring will have maximum acceleration 

(c) the hollow sphere will have maximum 
acceleration 

(d) all of them will have the same acceleration 

( 2002 ) 

4. The moment of inertia of a circular wire of mass M 
and radius R about its diameter is 

(a) -MR 2 
2 

(c) 2MR 1 

5. A particle of mass m moves along a line PC with 
velocity V as shown in the figure. What is the 
magnitude of angular momentum of the particles 
about 02 

(a) mvL (b) mvl 

(c) mvr (d) zero [2002] 


(b) MR' 


(d) 


MR 


| 2002 ] 



6. Two blocks of masses 10 kg and 4 kg are connected 
by a spring of negligible mass and placed on a 
frictionless horizontal surface. An impulse gives 
a velocity of 14 m/s to the heavier block in the 
direction of the lighter block. The velocity of the 
center of mass is 

(a) 30 m/s (b) 20 m/s 

(c) 10 m/s (d) 5 m/s [2002] 

7. A cylinder rolls up an inclined plane, reaches 
some height, and then rolls down (without slipping 
throughout these motions). The directions of the 
frictional force acting on the cylinder are: 

(a) Up the incline white ascending and down the 
incline while descending 

(b) Up the incline while ascending as well as 
descending. 

(c) down the incline while ascending and up the 
incline while descending 

(d) down the incline while ascending as well as 

descending. [2002] 

8. A circular disc X of radius R is made from an iron 
plate of thickness t and another circular disc Y of 
radius 4 R is made from an iron disc of thickness //'4. 
Then the relation between moments of inertia J x and 
ly ^ 

(a) l y = 324 (b) I y = 16/, 

(c) = I x (d) I y = 644 [2003| 

9. A particle performing uniform circular motion has 
angular momentum L. If the angular frequency is 
doubled and its kinetic energy is halved, then the 
new angular momentum is 

(a) - (b) 2 L 

4 

(c) 4 L (d) | [20021 
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10. A force f acts on a particle having a position vector 
r and T is the torque of this force about the origin. 
Then 

(a) r .? = 0 and F.t * 0 

(b) r.i * 0 and F.t = 0 

(c) r.f * 0 and F.t * 0 

(d) r ,t = 0 and F.t = 0 [20031 

11. The angular momentum of a particle moving in 
a circular orbit with a constant speed remains 
conserved about 

(a) any point on the circumference of the circle 

(b) any point inside the circle 

(c) any point outside the circle 

(d) the centre of the circle [2003] 

12. Consider a body, shown in the figure, consisting of 
two identical balls, each of mass M connected by a 
light rigid rod. If an impulse J = M V is imparted to 
the body at one of its ends, it is angular velocity will 
be 

- L -► 

M •-• M 

\J = MV 


(a) 

(c) 


V_ 
4~L 
V_ 
3 L 


(b) 


2V_ 

~L 


V 

<d) i 


[2003] 


13. A solid sphere is rotating in free space. If the radius 
of the sphere is increased keeping mass the same, 
which one of the following will not be affected? 

(a) Moment of inertia 


(b) Angular momentum 

(c) Angular velocity 

(d) Rotational kinetic energy [2004] 

14. One solid sphere A of diameter d A and another hollow- 
sphere B of diameter d B have the same mass and the 
same outer radius. Their moments of inertia about 
diameter are I A and I B respectively. Then 

(a) I A = 4 (b) I A > 4 

IA d A 

(c) i A < i B wr = i~ i 2004 i 

1 13 a B 

15. A man, standing on a turn-table, is rotating at a 
certain angular frequency with his arms outstretched. 
Me suddenly folds his arms. If his moment of inertia 
with folded arms is 75% of that with outstretched 
arms, his rotational kinetic energy will 

(a) increase by 33.3% (b) decrease by 33.3% 

(c) increase by 25% (d) decrease by 25% 

|2004| 


16. A uniform disc of radius R is rolling (without 
slipping) on a horizontal surface with an angular 
speed as shown in the figure. O is the centre of the 
disc, points A and C are located on its rim and point B 
is at a distance R/2 from O. During rolling, the points 
A , B and C lie on the vertical diameter at a certain 
instant of time. If v A , v B and v c are the linear speeds 
of points A, B and C respectively at that instant, then 
(a) v A = v B = v c (b) v A >v B > v c 

4 

(c) v A = 0, v A = -v B (d) v A = 0,v c = 2v b 



17. 


|2004] 

A particle is moving in the x-y plane with a constant 
velocity along a line parallel to thex-axis, away from 
the origin. The magnitude of its angular momentum 
about the origin. 


(a) is zero 

(c) goes on increasing 


18. 


(b) remains constant 
(d) goes on decreasing 

[2004| 

An annular ring with inner and outer raddii /?, and 
R 2 is rolling without slipping with a uniform angular 
speed. A particle is situated on the inner part of the 
ring and another particle of the same mass is situated 
on the outer part. The ratio of the force experienced 


by the two particles 


( \ ^2 

(a) T 


4 


IS 


( 


(C) 1 


(b) 


(d) 


R t 


V R 2 J 

*1 


R 


120051 


19. 


20 . 


A body A of mass M while falling vertically 
downwards under gravity breaks into two bodies : a 
body B of mass M3 and a body C of mass 2A//3. The 
centre of mass of bodies B and C taken together. 

(a) shifts towards body B 

(b) shifts towards body C 

(c) does not shift 

(d) depends on the height at which body A breaks. 

|2005] 

fhe moment of inertia of a uniform semicircular disc 
of mass M and radius R about an axis perpendicular 
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to the plane of the disc and passing through the 
centre is 


(a) - MR 2 
4 

(c) MR 2 


(b) - MR 2 
5 

1 2 

(d) -MR |20«5] 


21 . 


A T-shaped object with dimensions shown in the 
figure, is lying on a smooth horizontal floor. A force 

F is applied at a point P parallel - L - 

to AB such that the object has A 1 B 

only translatory motion without 
rotation. The distance of point P 
from C is 


(a) 

(b) 

(c) 


2 L 
3 

3 L 
2 

4 L 



2 L 



(d) L 


|2005] 


22 . 


A thin uniform disc has mass M and radius R. A 
circular hole is radius R /3 is made in the disc as 
shown in the figure. The moment of inertia of the 
remaining portion of disc about an axis passing 
through O and perpendicular to the plane of the disc 
is 


(a) 

(c) 


-MR 

9 

' M R 
3 


2 

2 


<b) 

(d) -MR 2 
9 



|2005] 

23. A cubical block is held stationary against a rough 
wall by applying force F as shown in the figure. The 
incorrect statement among the following is 

(a) frictional force,/= mg 

(b) normal force, N = F 

(c) normal force docs not apply torque 

(d) force F docs not apply torque. 



24. 


|2005| 

A solid metallic sphere of radius R having moment 
of inertia equal to / about its diameter is melted 
and recast into a solid disc of radius r of a uniform 
thickness. The moment of inertia of the disc about an 
axis passing through its edge and perpendicular to its 
plane is also equal to /. The ratio r/R is 




|2006| 


25. Consider a two particle system with particles having 
masses m } and m 2 . If the first particle is pushed 
towards the centre of mass through a distance cL by 
what distance should be second particle be moved, 
so as to keep the centre of mass at the same position? 


(a) 

m 'd 

(b) d 


m 2 


(c) 

m 2 d 

(d) ———d [2006| 


m \ 

m 2 + ni 2 


26. A thin circular ring of mass m and radius R is rotating 
about its axis with a constant angular velocity co. 
Two objects each of mass M are attached gently to 
the opposite ends of a diameter. The ring now rotates 
with an angular velocity ft)'equal to 


27. 


(a) 

com 

(b) 

com 

(m + M ) 

(m + 2 M) 

(c) 

co(m + 2 M) 

(d) 

co(m -2M) 

m 

(m + 2M) 


[2006] 


A force -Fk acts on O, the origin of the coordinate 

system shown in the figure. The torque about the 
point (1,-1) is 



(a) F(i + j) (b) -F(i-j) 

(c) F(i-j) (d) -F(i + j) 


12006] 
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28. Four point masses, each of value m, are placed at the 
corners of square ABCD of side /. The moment of 
inertia of this system about an axis passing through 
A and parallel to BD is 
(a) 3 ml 2 (b) ml 2 

(c) 2ml 2 (d) ^ml 2 [2006] 


29. For the given uniform square lamina ABCD , whose 


centre is O 


(a) yfll AC = I EF 

(b) IAD ~ 

( c ) I AC = 1 EF 

(d) 1 AC = sfll t 


120071 



30. A circular disc of radius R is removed from a bigger 
circular disc of radius 2 R such that the circumferences 
of the discs touch. The centre of mass of the new disc 

(X 

is — from the centre of the bigger disc. The value of 
R 

a is 

1 1 

(a) j (b) - 

(c) I (d) i 

6 4 [2007] 

31. A round uniform body of radius /?, mass M and 

moment of inertia I rolls down (without slipping) an 
inclined plane making an angle 9 with the horizontal. 
Then its acceleration is 



g sin 9 




g sin 9 


MR 2 



1 + 


sin 9 
M R 2 


I 


(d) gsmd |2007] 
t MR 2 

TT 


32. Angular momentum of the particle rotating with a 
central force is constant due to 

(a) constant force 

(b) constant linear momentum 

(c) zero torque 

(d) constant torque [2007] 


33. A small object of uniform density rolls up a curved 
surface with an initial velocity v. It reaches up to a 

maximum length h =^— , with respect to the initial 

4 £ 

position. The object is (see the figure) 

(a) ring (b) solid sphere 

(c) hollow sphere (d) disc [2007] 



34. Consider a uniform square plate of side ‘a and mass 
‘w\ The moment of inertia of this plate about an axis 
perpendicular to its plane and passing through one of 
its corners is 

(a) —ma 2 (b) j'™ 2 

3 6 

(c) T/«a 2 (d) |2008] 

35. A thin rod of length ‘Z/ is lying along the jc-axis 
at jc = 0 and x = L. Its linear density (mass/length) 


varies with x as k 



, where n can be zero or any 


positive number. If the position jc cm of the centre of 
mass of the rod is plotted against ‘w’ which of the 
following graphs best approximates the dependence 
of x CM on / 7 ? 


X CM 



(a) 


X CM 



X CM 



n 


X CM 



36. A block of base 10 cm x 10 cm and height 15 cm is 
kept on an inclined plane. The coefficient of friction 
between them is ^3 • The inclination 9 of this 
inclined plane from the horizontal plane is gradually 
increased from 0°. Then 


(a) at 9 = 30°, the block will start sliding down the 
plane 
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10. x - r x F • Hence f is perpendicular to both r and f 
Therefore, r.T = 0 and F .f =0 

11. The correct choice is (cl). 

12. Applying the conservation of angular momentum 
about the centre of rod, we have 


I CM X(0=JX - 
2 x A/I — 1 xco=MVx - 


V 

=> " " £ 

13. Since in free space, no torque acts on the sphere, its 

angular momentum will remain unchanged, i.c. L = Ico 

2 2 . 

= constant. /= —MR" will increase if /? is increased. 

5 ! 

Hence co will decrease. Rotational K..E. = — Ico = 

2 

Ico x ( 0 = Leo will also decrease as L remains constant. 
2 2 

14. / A = — MR 2 and /» = — MR 2 . Therefore 

5 3 

/, 3 

1 B 

15. Let /, and ru, be the moment of inertia and angular 
frequencey when his arms are outretched and I 2 and 
I 2 co 2 those when his arms are folded. Then 


/, co x = I 2 co 2 

_ 3 3 

Given 1 2 = “ /j. Hence /,&),= — / 2 

4 4 4 

or cu 2 = — . 

3 i , 

Initial KE is /C, = — /,and final KE is 

2 


1,2 1 31 

K 2 = -I 2 0) 2 = 2 X T X 


/ 4ft), N 


4 1, 2 

= - -/, ft>f 

3l2 


= -A, 


Percentage increase in KE = 


*2-*, 


x 100 


- AT| 

= 3 1 


100 


K 


x 100 


= 33.3% 


16. The disc is rolling about the point O. Thus the axis of 
rotation passes through the point A and is perpendicular 
to the plane of the disc. From the relation v = rco where 
r is the distance of the point on the rim about the axis 
of rotation, we have 


v /1 = 0,v»=(A B) co = 


3 Rco 


and v c = (A C) ( 0 = 2Rco 


Hence ^ = ^ 


V c 


1 3 

— x-= — . I hus ther correct 

2 2 Rco 4 


choice is (c). 


17. The angular momentum of the particle at point P (x, y) 
about origin O is given by 


y 


m (xi + y j) xv i 

A 

-myv k 



A A 


(y / x / = 0 and j xi = -k ) 


Now, mass m and velocity v are constant. Also y 
remain constant as the particle moves parallel to the 
.Y-axis. Hence L remains constant. Thus the correct 
choice is (b). 

18. The particles experience radial force directed towards 
centre O. The centripetal forces experienced by the 
parti cals are 



f 2 r 2 

19. The acceleration of bodies B and C is the same, equal 
to g. Therefore, the acceleration of the centre of mass 
of B and C is 


a cu 


m A a a + 
m A + m B 
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M 2M 

T x ^X xs 

M 2 M 
+ 

3 3 


£ 


Hence acceleration before splitting = acceleration 
after splitting. So the centre of mass of bodies B and C 
taken together does not shift. The correct choice is (c). 

20. Since the mass of the semicircular disc is M, the mass 
of the complete disc would be 

M = M+M = 2M 

Therefore, the moment of inertia of the complete disc 
about the given axis is 

/'= — M'R 2 =-x2 MxR 2 = MR 2 
2 2 

Let / be the moment of inertia of the semicircular 
disc. Since the complete disc is combination of two 
semicircular discs, it follows that 

r= — = -MR 2 
2 2 

2 1. Since there is no rotation, the torque about the centre 
of mass of the object is zero. Hence ~p must be applied 
at the centre of mass P of the object. Let us take centre 
O of portion AB at the origin (0,0). If m, is the mass of 
part AB and m 2 the mass of part OC, then if the object 
has uniform linear mass density, m 2 = 2m,. (Then since 
the mass of AB can be assumed to be concentrated at 
O and the mass of OC at D) 


L- 

O 


AC 


2 L 


B 


O 


x 


P(x y y) 
D 


L 


* U t 

C 


OP = 


m^xO + nuxL 2m x L 2 L 


m x x m 2 


3 / 77 , 


2 L 4 L 


PC = OC-OP=2L- 


M 

22. Mass per unit area of the disc =- zr . Therefore mass 

kR 2 

of the removed portion (hole of radius R/3) is 


m = 


M 
kR a 


x n 


R 


M 

T 


The moment of inertia of the complete disc about an 
axis passing through its centre O and perpendicular to 
its plane is 

1 7 

/ = - MR~ 

2 

Using the parallel axes theorem, the moment of inertia 
of the removed portion of the disc about the axis 
passing through O and perpendicular to the plane of 
the disc is 

r= Ml of mass m about O' + m x OO' 


1 

= — m 
2 


(IV 
3 y 


2 , n \ 2 


-f m x 


IV 


1 M R z 

= - x — x — 

2 9 9 


M 4 R‘ 

+ — x — 
9 9 


= —MR 2 

18 


Therefore, the moment of inertia of the remaining 

portion of the disc about O = /-/'= — M R~ - — M R~ 

. 2 18 

= -MR 2 . 

9 

23. Since the block is held stationary, it must satisfy the 
conditions of translational and rotational equilibrium. 
Hence F = N and/ = mg. Force F and weight mg do 
not produce any torque as their lines of action pass 
through the centre of mass. Hence (c) is the only 
incorrect statement. 

24. Let M be the mass of the sphere. The mass of the disc 
will also be M. The moment of inertia of the sphere 
about its diameter is 

2 

l s = - MR 2 

The moment of inertia of the disc about its edge 
and perpendicular to its plane is (using parallel axes 
theorem) 

7/ = 7 cm + M h 2 = ^ Mr 2 + Mr 2 

= -Mr 2 
2 

Given I s = I d . Hence, we have 

-MR 2 = — Mr 2 

5 2 r 2 

which gives — = 


R Vl5 

25. If at, and x 2 are the positions of masses m x and m 2 , the 
position of the centre of mass given by 
m x x x +m 2 x 2 


•*cm 


m x + m 2 
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If jc, changes by Ay, and.v 2 changes by Ajc 2 , the change 


in x cm will be 


^cm = 


m x Ay, + m 1 Ay 2 


(1) 

m x + m 2 

Given Av cm and Av,= d. Using these values in Eq. (1), 
we get m x d + m 2 Ax 2 = 0 or 

rthd 


Av 2 = 


Distance moved by m 2 = 


m 2 

m x d 


m- 


26. 1'he angular momentum of the ring before the two 
objects attached is 

L = mR 2 0) 

After the two objects arc attached, the angular 
momentum becomes 

(m -E 2,V/)/e 2 o>' 

Since no external torque acts, the angular momentum 
is conserved, i.e. L =L 'or 

niRco = (m +2 M)R~( 0 ' 

mO) 

or co' = 


A A 


(m + 2 M) 

* * a 

27. r = A'i + >’j + zk 

= lxi + (-l)x j + 0xk = (i-j) 

A 

F = -F k 
Torque = r x F 
= (i-j)x(-Fk) 

= F (-i x k + j x k) 

A /V 

= F(j + 1) 

(v i x k = -j and j x k = i) 

28. The moment of inertia of the system about axis AT is 
/ = m at A x 0 + m at B x(BE) 2 + m at C x (AC) 2 


+ m at D x (Z)F)~ 

/ i \2 


= /;7 x 0 + /;7 x 
ml 2 




+ /w x 


(V2/) : 


ml' 


= 0 +-+ 2 ml 2 +-= 3/w/ 2 



29. The moment of inertia of a square lamina about an 
axis EF passing through its centre is given by 

A// 2 




12 


M= mass of lamina 


It is clear from the figure that the moment of inertia 

1 

of triangular sheet ABC about AC = — x moment of 

inertia of the square sheet about it diagonal AC , i.e. 

Iac = 2 x (M.I. of triangular sheet ABC about AC) 


= 2 x 


f M l 2 \ 
— x — 

2 12 


(v mass to triangular sheet = M2) 


'Ml 2 ' 


12 


J 


Thus / FF = / AC , which is choice (c). 

30. Let erbe the mass per unit area of the disc. 

Mass of the disc M- a x 4rc (2R) 2 =\6k gR 2 

2 M 

Mass ol the removed part //?, = 4/r <7 R~ = — 



Mass of the remaining part m 1 = M- w, = M - — = 

4 4 

Let G be the centre of mass of the remaining part of 
the disc, (see the figure). The centre of the complete 
disc is O and O' is the centre of the removed part of 
the disc. From the definition of the centre of mass, we 
have 
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•*cm 


/;?! x OO '+ nu xOG 

/??, + m 2 


since x = 0, we get 


m { xOO' + m z xOG = 0 


(i) 


Let O be at the origin (jc = 0), then OG = -x and OO ' 
= R. Then from Eq. (1), we have 


M n 3M , x „ 

- X R +-x (-jc) = 0 

4 4 


/? 

x = — 
3 


( 2 ) 


a 


In the question it is given that jc = — which is wrong 

because this equation is dimensionally inconsistent. 
The correct relation should be x = a R. Comparing this 

equation with Eq.(2), we get a = - which is choice 


(a). 

31. It is clear that 

J 



O 

N 

) 




y | a/2 


Mg cos 9 


A 

J xdm 

all 

Mg sin 0-f= Ma cu 


(i) 

33- x CM - 

I dm 



wherc/is the frictional force and # CM is the accleration 
of the centre of mass of the body. The torque r for 
rolling is provided by the frictional force / and is 
given by 

r=fxR = fa (2) 

Where a is the angular acceleration of the body. Also 

( 3 ) 


Using (3) in (2), we get/= 


a CM I 
R 2 


Using (4) in (1) we get 

Mg sin © - = Ma CM 


(4) 


R 


a CM 


g sin© 


1 + 


/ 


MR 


32. Torque r = 


rxF 


= rF sin 0. Since the force is 

directed towards the centre, 6 = 180°. Therefore 
torque = 0. Hence the correct choice is (c). 

33. From the principle of conservation of mechanical 
energy, we have 

1 2 * r 2 
— mv H— I co = mgh 
2 2 


1 2 1 T ( *0 
mv +—I — 

2 2 \RJ 


= mgx 


3v 2 


4 g 


On solving, we get I = 
disc. 


mR 


. Hence the object is a 


34. From parallel axes theorem the moment of inertia 
about the axis passing through A and perpendicular to 
the plane of the square plate is 

.2 


/ A = /CM + W// 

mR 2 


"/ 

6 

+ m 

V 

2 


2 

ma 

ma 

+ - 


fa\ 

K2j 


+ 




\2 


2 ma‘ 


Now dm = k\ — I dx. Therefore 
L 


L s \n 

f k — ] xd x 

l U J 


X CM ~ l 


j k — 
J U 


d x 


J x (n+l) d 


_ 0 




(n +1)1 
(n + 2) 


If n = 0, x CM = — , if n —> oo ; x CM approaches L. 

Between n = 0 and n = oo, x CM increases non-linearly 
with increase in the value of n. Hence the correct 
choice is (b). 

36. The block will just begin to slide if the downward 
force mg sin 9 just overcomes the frictional force, 
i.e. if mg sin 0 = jjN = fi mg cos 0 => tan G =// = 

VJ => e = 60° ■ 

The block will topple if the torque of due to normal 
reaction N about O just exceeds the torque due to mg 
sin ©about 0, i.e. 
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N x OA = mg sin 0 x OB 

15 

=> mg cos 6 x 5 cm = wg sin 0 x —cm 

2 2 
=> tan 6 = — => 0 - 34°. 

Since 0 for toppling is less than 0 for sliding, the correct 
choice is (b). 



=> h = 


iW 

6# 


38. L = m(r xv) 

The horizontal and vertical distances travelled by the 
particle in time t are 

x = (Vq cos 6) t 

1 


and y = (v 0 sin Q)t - — gt 


r - xi + y\ 

= [(y 0 cos0)/]i + 


1 ? 

(v 0 sin 0) t - —gt 


.1 


The horizontal and vertical velocities at time t are 
dx 

v = — = v a cos 6 
x dt 0 

dy . 

and v v = sin 0 “ & 

A A A A 

v = v x i + v y j = (v 0 cos0)i + (y 0 sin0 - g/)j 
Z = m (r x v) 


= m 


1 ■> 

{(v 0 cosG)t\}+ {(u o sin0)/--gr 


J 


x{(y 0 cos0)i + (i? 0 sin Q - g/)j} 

I 2 V 

= — mgv 0 t cost) k 

v 2 y 

39. Since no external torque acts on the system (insect + 
disc), the total angular momentum remains constant. 


i.c. Ico = constant. As the insect moves from A to 
O, the moment of inertia of the system about the 
given axis decreases. Hence co increases. As the 
insect moves from () to B , the moment of inertia of 
the system decreases. Hence co increases. Thus, the 
correct choice is (d). 



Disc 


40. Refer to the following figure. 


System F.B.D. of pulley 



F.B.D. of Block 


I T 



1 

mg 


Torque acting on pulley is 

T = TR 


Also 

From (1) and (2) 


i = 7a = 


1 2 a 
— mR~ x — 

2 R 


mRa 

2 


77? = 


mRa _ 

-=> T = 

2 


ma 

2 


(1) 

(2) 


From F.B.D. of block 


mg —T= ma 


ma 



ma 


a = 


3 


41. Torque T =FR = (20/ - 5/ 2 ) x 2 Nm 

= (40 /- 10 Z 2 ) Nm 

r (40/-10/ 2 ) 

Also r = /a =>a = - =-- 

/ 10 

= (4/- / 2 ) rad s“ 2 

or —— = 4/ - r 

dt 


\dco = j(4t-t 2 )dt 


co = 2/ 2 - — 


/ 
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The moment the direction of motion is reversed, 
co= 0 at that moment. This happens at time t given by 

.3 

t - 6s 
3 

6 6 { 3\ 

,2 ‘ 


0=21 2 -- 


0 = j(Odt = J* 


0 


0 


2t - 

3 


dt 


2 1 3 

6 

t A 

3 

0 

12 


= — ( 6) 3 — ( 6) 4 

3 12 


9= 36 rad 


36 


Number of rotation in 6.v = ~ = 5.7, which is more 

2k 

than 3 and less than 6. So the correct choice is (b) 

42. Let C be the centre of mass of the diatomic molecule. 


m i 


- 

- r -►- 

. (7) 

vy 

-n- 

c w 

—-7*2- 


r \ = 


nur 


r 2 = 


m l + m 2 
m x r 


and 

//?! + m 2 
Rotational kinetic energy is 

K = \l(o 2 
2 

From Bohr's quantization condition, 

nh 


(1) 


L = 


2k 


or 


Ico = 


(0 = 


nh 

2k 

nh 
2 k I 


( 2 ) 


Using (2) in (1), 


1 n 2 h 2 
K= -x 


Also 


/ = 


2 4 k-I 


i *> 

m x r{ + m 2 r 2 


( 3 ) 


= 777i X 


m 2 r 


m^nur 


\ 777, + 777 2 

2 


+ 777-, X 


777, r 


V m x + m 2 ) 


(/«, + m 2 ) 


(4) 


Using (4) in (3), 


^ ‘J 

nr lr (777, + 777 2 ) 
8^ 77I,777 2 r“ 


A- 


43. Since no external torque acts, the angular momentum 
about the point of contact is conserved, i.e. 

Io) 0 = mvr + Ico 

where / = mr 2 , the moment of inertia about the centre 
of mass. 

2 2 V 

mr co 0 = mvr + mr x - 

f / 

v 

V CO - — 

r 

= 2mrv 


r(O 0 
v= —- 


44. Refer to the solution of question 28. 
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GRAVITATION 


Chapter 


REVIEW OF BASIC CONCEPTS 



1. Newton's Law of Gravitation 

Newton’s law of universal gravitation states as follows: 

‘Any two particles of matter anywhere in the universe 
attract each other with a force which is directly proportional 
to the product of their masses and inversely proportional 
to the square of the distance between them , the direction 
of the force being along the line joining the particles , i.e. 
(Fig. 6.1) 



mi#-►F F-* 

-«- r - 

Fig. 6.1 


-# m 2 

*- 


where F is the magnitude of the force of attraction between 
two partic les of masses /??, and m 2 separated by a distance r. 
In the form of an equation the law is written as 


G //7| m 2 


where G is a constant called the universal gravitation 
constant. The value of this constant is to be determined 
experimentally and is found to be 

G = 6.67 x 10'" Nm 2 kg -2 . 


2. Gravitational Force due to Multiple Masses 

If a system consists of more than two masses, the 
gravitational force experienced by a given mass due to all 
other masses is obtained from the principle of superposition 
which states that 4 the gravitational force experienced by 
one mass is equal to the vector sum of the gravitational 
forces exerted on it by all other masses taken one at a time. ' 


The gravitational force on mass m due to masses />?,, m 2 , 
m 3 ,... m n is given by (Fig. 6.2) 

F = F | + F 2 + F 3 + • • • + F„ 







Note 

1. Gravitational force is alway attractive. 

2. Gravitational force between two masses does 
not depend on the medium between them. 

3. Gravitational force acts along the straight 
line joining the centres of the two bodies. 






(Q EXAMPLE 1 Two bodies/t and B of masses w, = 1 kg 
and m 2 = 16 kg respectively are placed 1.0 m apart. A third 
body C of mass m = 3 kg is placed on the line joining A 
and B. At what distance from A should C be placed so that 
it experiences no gravitational force? 



SOLUTION 


A and C (Fig. 6.3) 


Let .v metre be the distance between 


m-1 Ft m F 2 

A •- + -•;-*- 

-+— x —-(1 - x) 

Fig. 6.3 


m 2 

-•B 
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Force exerted by A on C is 
F _ G m ,/;? 

Force exerted by B on C is 


directed towards A 




G num 

2 directed towards B 


( 1 -*) 

C will experience no force if F x = F 2 , i.e. 


G m x m 


111-y 


m , 


16 = 


4 = 


G m an 

( l -*) 2 

a -*) 2 


(1--V)- 

* 2 

\-x 


X 


which gives x = 0.2 m. Note that if body C is placed to the 
left of body A or to the right of body B , it will experience 
a finite gravitational force. 

© EXAMPLE 2 Three bodies, each of mass /??, arc 
placed at the vertices of an equilateral triangle of side a as 
shown in Fig. 6.4(a). Find the magnitude and direction of 
the force experienced by the body at vertex A. 



m 


Fig. 6.4(a) 

SOLUTION The forces exerted on the body at A by 
bodies at B and C are shown in Fig. 6.4(b). 


A 



a 


The magnitude of the resultant force is 

F r = ^F 2 + Fl + 2F ] F 2 cos e 


= Jf 2 + F 2 +2F 2 cos 60“ 


= E F = V3 





directed vertically downwards. 

© EXAMPLE 3 A uniform sphere of radius R and 
mass M exerts a force F on a body of mass m placed at 
point P at a distance 2 R from the centre of the sphere. If 
a spherical cavity of radius R/2 is made in the sphere as 
shown in Fig. 6.5, the force of attraction exerted by the 
sphere with cavity in it on the same body placed at the 
same point P will now be 


(a) 

(c) 


3 F_ 
5 

IF 

~9 


(b) 

(d) 


5 F 
7 

F 

~2 



Cavity 



Mass per unit volume = 


M 


41 *= 
3 


.*. Mass removed to make the cavity is 


M' = 


M 


3 


X 3 l 2 


M 

8 


The force of attraction the body at P now will be 
F' = force due to complete sphere of mass M 

M 

- force due to removed part of mass -— 

8 


GmM 

4/f 2 


G m x 
_ 8 

'3R_\ 2 

, 2 J 
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Gravitation 6.3 


GmM GmM 7 GmM 


4 R 


18 R 2 36 R 2 


or 


7 GmM IF 
F'= -x-—: 


9 4R 9 

E X A M P L E 4 A b lock of mass m is hung on a spr ing o f 
spring constant A'and of negligible mass. The spring extends 
by x on the surface of the earth. When taken to a height 
h = RI2, the spring will extend by (R = radius of earth) 


(a) x 


(b) ^ 
3 


(c) 


3x 

8 


(d) 


4x 


GmM 

SOLUTION — = mg 

R. 

But mg = kx. Therefore 
GmM 


R 


= kx 


x = 


GMm 
kR 2 


At a height h , 


(M= mass of earth) 


(i) 


GmM 

(R + hy 


x = 


mg = kx' 

GmM 
k(R + h) 2 


From (i) and (ii) 


x = XX 


R 


\2 


= XX 


R + h , 

R 

R + R! 2 


4x 


(ii) 


3. Acceleration due to Gravity 


Considering the earth as an isolated mass, a foree is 
experienced by a body near it. This force is directed 
towards the centre of the earth and has a magnitude mg, 
where g is the acceleration due to gravity. 


F= mg = 


G m M 
R 2 


whcre M is the mass of the earth and R its radius (nearly 
constant for a body in the vicinity of the earth) 


• • 



GM 

R 2 


All bodies near the surface of the earth fall with the 
same acceleration which is directed towards the centre of 
the earth. 


4. Variation of g 

/. Variation with altitude The acceleration due to grav¬ 
ity of a body at a height h above the surface of the earth 
is given by 


gh = g 


R 


R + h 


where g is the acceleration due to gravity on the surface 
of the earth. If/? is very small compared to /?, we can use 
binomial expansion and retain terms of order h/R. We then 
get 


gh = g 



Thus, the acceleration due to gravity decreases as the 
altitude (/?) is increased. 

2. Variation with depth The acceleration due to gravity 
at a depth d below the surface of the earth is given by 


This equation shows that the acceleration due to gravity 
decreases with depth. At the centre of the earth where d — 
R,g t/ = 0. Thus the acceleration due to gravity is maximum 
at the surface of the earth, decreases with increase in depth 
and becomes zero at the centre of the earth. 

3. Variation with Latitude Due to the rotation of earth 
about its axis, the value of g varies with latitude, i.e. from 
one place to another on the earth’s surface. At poles, the 
effect of rotation on g is negligible. At the equator, the ef¬ 
fects of rotation ong is the maximum. In general, the value 
of acceleration due to gravity at a place decreases with the 
decrease in the latitude of the place. 

The accelration due to grav ity at a place on earth where 
the latitude is 0 is given by 

g$ = g - or R cos 2 0; 

( 0 = angular velocity of rotation of earth. 

At equator, 0=0 => g c = g- RoT (minimum) 

At poles, 0=90° => g p = g (maximum) 

g^> = g- 0.0337 cos 2 0 

Thus the value of g varies slightly from place to place 
on earth. Variation of g with altitude and depth is shown 
in Fig. 6.6. 
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Fig. 6.6 Variation of g (gravitational acceleration) 


EXAMPLE 5 A body weighs 63 N on the surface 
of the earth. How much will it weigh at a height equal to 
half the radius of the earth? 


SOLUTION W= mg = 63 N 


W' = mg' — mg 


R 


R + h 


W'= W 


R 


R + h 


J 


= 63 x 


R 


R + R!2 


= 28 N 


EXAMPLE 6 Assuming the earth to be a sphere of 
uniform mass density, find the percentage decrease in the 
weight of a body when it is taken to the end of a tunnel 
32 km below the surface of the earth. Radius of earth = 
6400 km. 



SOLUTION 


8 =Z 


1 -- 

R 


= g 1- 


32 


6400 


199 g 

200 


Decrease in weight = mg - mg' 


= mg 


< 199 

v 200 


mg 

200 


Percentage decrease = 


mg / 200 
mg 


x 100 =0.5% 


5. Gravitational Field Intensity 

Just as the region around a magnet has magnetic field and 
the region around a charge has electric field, the region 
around a mass has gravitational field. 

The gravitational field intensity (or simply gravitational 
field) at a point is defined as the gravitational force 
experienced by a unit mass placed at that point. 


• I-- mP 

■+ - r -► 

Fig. 6.7 

Consider the gravitational field of a body of mass M. 
To find the strength of the field at a point P at a distance r 
from M, we place a small mass m at P. The gravitational 
force exerted m by M is 

„ GMm 


By definition, the gravitational field (intensity) of M at 
P is given by 

F _ GM 

/ - - 2 

m r 


I is a vector quantity. In vector form 

GM - 

, = " ~T~ r 

A 

where r is a unit vector directed from M to P, i.e radially 
away from M. The negative sign indicates that I directed 
radially inwards towards M 
The SI unit of / is N kg *. 

In three dimensions, if mass M is located at the origin, 
the magnetic field at a P (x,y, z) is given by 



GM - 

— r 

r 


where r = xi + > j + zk represents the position of point P 
with respect to mass M at the origin. 

For a many body system, the principle of superposition 
holds for gravitational field (intensities) just as it holds for 
gravitational forces, i.e. 


EXAMPLE 7 At what depth below the surface 
of the earth will the value of acceleration due to gravity 
become 90% of its value at the surface? R = 6.4 x 10° m. 


SOLUTION g'= 0.9 g. 


g - g{l -R 


0.9 = 1- - 
R 

cl = 0.1 R = 6.4 x 10 5 m 


I=I, + I 2 + I 3 + +I„ 

where I,, I 2 ,... I /; are the gravitational field intensities at a 
point due to bodies of masses M } , M 2 , ... M n . 

For continuous mass distributions (i.e rigid bodies), 
we divide the body into an infinitely large number of 
infinitesimally small elements. Then the gravitational field 
intensity is given by 

1 = jdl 
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Gravitational Field due to some continuous Mass 
Distributions 

1. Gravitational field due to a circular ring of mass M 
and radius R at a point at a distance r from the centre 
and on the axis of the ring is given by 

GMr 

( R 2 +r 2 f 2 

2. Gravitational field due to a thin spherical shell of 
mass M and radius R at a point P at a distance r > R 
from the centre of shell, 

GM ., 

1= —— (outside the shell) 


Work done to bring mass M from infinity to A is = 0. 
Work done to bring mass m from r = °o to r — r is 

r 

W 2 = J F • c/r 
0 

r 

= J F dr cos 6 

oo 

Since mass M will attract mass /w, angle 0 between F 
and dr is zero. Hence 


W 2 = \ 


Inside the shell, 1=0 

3. Gravitational field of a solid sphere of mass M and 


radius R is 


/- to,r>R 

r 


/= ^for r = R 


GMm 


GMm \ r - 2 dr=- — 

J y. 


Total work 


W = W x + W 2 = - 


GMm 


.*. Gravitational potential energy of the system is 


U= W=- 


GMtn 


/=^for,<* 


/ oc r 


\ r* 


The zero of potential energy is assumed to be at r = 
The negative sign indicates the potential energy is negative 
for any finite separation between the masses and increases 
to zero at infinite separation. 

Expression for Increase in Gravitational Potential 
Energy 

If the body m is moved away from A/, the potential energy 
of the system increases. 


Fig. 6.8 

Figure 6.8 shows the variation of the gravitational field 
of a solid sphere. 

6. Gravitational Potential Energy 

Gravitational potential energy of a system of two masses 
M and m held a distance r apart is defined as the amount 
of work done to bring the masses from infinity to their 
respective locations along any path and without any 
acceleration. 

m at ~ 


Fig. 6.9 


P.E. at B = - 


P.E. at C = - 


'. Increase in P.E. = 


Fig. 6.10 

GMm 


GMm 


G M m 


G M m 


= GMm —-— 

l r \ r 2 


If the body of mass M is the earth, then the 
increase in gravitational P.E. when a body of 
mass m is taken from the surface of the earth 


R ) M 


Fig. 6.11 
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to a height h above the surface is given by (see Fig. 6.11), 
R = radius of the earth. 

A U = P.E. at 0-P.EatP 


GMm f GMm 


(R + h) 

GmM h 
R(R + h) 


R 


Ifh<<R ; 


AU ,2^L- mgh 


GM ^ 
»2 ” £ 


R 




P 


Fig. 6.12 


7. Gravitational Potential 

Gravitational potential at a point P in 
the gravitational field of a body of M 
is defined as the amount of work done 
to bring a unit mass from infinity to 
that point along any path and without any acceleration, 
i.e., (Fig. 6.12) 

y= W_ = GMm 
m r x m 


V= - 


G M 


r 


Potential V is a scalar quantity. Hence the gravitational 
potential at a point P due to a number of masses /?? 2 , ... 
m n at distances r,, r 2 ,... r n respectively from P is given by 


V=V\ + V 2 +--- + V„ 


G 


The SI unit of V is J kg ’. 

Relation between Gravitational Field Intensity (!) and 
Gravitational Potential (V) 

Gravitational field intensity and gravitational potential at 
a point are related as 

/= 

dr 

Gravitational Potential due to a Spherical Shell 


nit m 


m. 


+ 


+ ••• + 


^ r \ 


(i) At a point outside the shell, V = - 


GM 


(for r > R) 


where M is the mass and R is the radius of the shell, 
(ii) At a point on the surface of the shell, V= - 


R 


GM 


(iii) At a point inside the shell, V— -(for r < R) 

R 


Figure 6.13 shows the variation V with r for a spherical 
shell. 



Gravitational Potential due to a Solid Sphere of Mass M 
and Radius R 

GM 


(i) For points outside the sphere (r > /?), V= - 

(ii) For points inside the sphere (r < R), 


r 


V= - 


3 GM 
R 3 


( R 2 


r 


2 \ 


V ^ J 

(ii) At the centre of the sphere (r = 0) 

V=J GM 


2 R 

(iv) On the surface of the sphere (r = R) 

GM 


V= - 


R 


EXAMPLE 8 Two masses m x = 100 kg and m 2 = 
8100 kg are held 1 m apart. 

(a) At what point on the line joining them is the 
gravitational field equal to zero? Find the gravitational 
potential at that point. 

(b) Find the gravitational potential energy of the system. 
Given G = 6.67 x lO' 11 Nm 2 kg' 2 . 

@ SOLUTION Gravitational field at P due to m x is 
[Fig. 6.14] 


m i p I2 


nn 2 


■+— h— - 

m -r 


/,= 


Fig. 6.14 


G™ 1 directed towards /??, 


r 


Gravitational field at P due to m 2 is 

G/n, 




— directed towards m 2 


r 


Gravitational field at P will be zero if 
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/, = /- 


Gm x _ Gm 2 


r 


m 


or 


2 _ 


777, 


81 = 


9 = 


/ ^ 

* i 


v'i j 


(\- 


\ 2 


V >i J 
1 -/', 


(v r 2 — r - r ] and r = 1 m) 


/*, = 0.1 m 




Gravitational potential at P is 


V= V ] + V 2 = -G 


f 


m, nu 
— L + — 


\ 


- 6.67 x 10 -11 x 


^ n >2 J 

1 100 8100 


0.1 

-1 


X 


0.9 


6.67 x 10' 7 J kg 
(b) Gravitational potential energy of the system is 

G.P.E. = - G m < 
r 

6.67 xlO~"x 100x8100 

I 

= -5.4x 10“ 5 J 

Q EXAMPLE 9 Three equal masses, each equal to m, 
are kept at the vertices of an equilateral triangle of side a. 
Find the gravitational field and gravitational potential at 
the centroid of the triangle. 

© SOLUTION Refer to Fig. 6.15. 

The centroid O divides the lines AD , BE and CF in the 

2 

ratio 2:1. Also AO- BO = CO = r (say). Now AO = — AD 


and 


AD= ,la 2 - 


\f} a 


2 -Jla 

AO = - x- 

3 2 


a . a 



F ig. 6.15 


The gravitational fields at O due masses m at A, B and C 

GM 

are I A = I B = I c = — = ^ Their directions are shown in 

Fig. 6.14. The angle between any two of them is 6 = 120°. 
The resultant of I H and I c is 


r= yjl 2 +/ 2 +2/ 2 cos 120° =1 


directed vertically down. 

F will cancel with I A . Hence the net gravitational field 
at O is zero. 

The gravitational potential at O is 


v- Vx + Vi+V, 


Gm Gm Gm 


r 

3 Gm 
r 


r 


= -3^3 


Gm 


a 


r — 


a 

Ti> 


EXAMPLE 10 The gravitational potential at 
a height h = 1600 km above the surface of the earth is 
-4.0x 10 Jkg ’.Assuming the earth to be a sphere of radius 
R = 6400 km, find the value of the acceleration due to 
gravity at that height. 

SOLUTION Let r = R + h. Then 

GM 


and 


V = - 

r 

, GM 

8 2 

r 

g’ _ GM/r 2 _ \_ 1 

r 


\V\ 

s' 


GM/r r R + h 
\V\ _ 4.0 x 10 7 J kg -1 


(R + h) (6.4 + 1.6) x 10 6 m 

= 5.0 J kg 1 nT 1 = 5.0 ms -2 
EXAMPLE 11 Two particles of masses m ] and m 2 
are initially at rest at an infinite distance apart. They begin 
to move towards each other due to gravitational attraction. 
Find the ratio of their accelerations and speeds when the 
separation between them becomes /*. 

© SOLUTION Since no external force acts on the 
system, the acceleration of their centre of mass is zero, i.e. 

m x a x + trt 2 a 2 


a cu 


0 = 


777, + 777 2 

m x a x + m 2 a 2 


777, + 777 2 

m l a l = - 777 2 a 2 


a 


1 _ 


777 


a* 


777, 
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V = 


a 


r> 


2 + r 2 


where a and b are constants. The magnitude of the 
gravitational field at P will be 

rV ... 2rV 2 


(a) 

(b) 

a 


rV 3 



(d) 


a 


3 a 
2 rV 

^7 


SOLUTION E = 


E = 


dV_ 

ch¬ 


ar 


dr 


a 


L (b 2 + r 2 ) 112 


(b 2 + r 2 ) 312 


(i) 


Now (Z> 2 + r 2 ) 1/2 = — 

V 


(b 2 + r 2 ) 372 = 


a' 


(ii) 


Using (ii) in (i) we get 


E = 


rV 


a 


EXAMPLE 16 Two particles, each of mass //?, are 
moving in a circle of radius r under the action of their 
mutual gravitational force. The speed of each particle 
round the circle will be proportional to 


1 

(a) -f= 
\Jr 


(c) 


1 


. 3/2 


1 

(b) - 
r 

1 

(d) — 


SOLUTION The centripetal force for circular mo¬ 
tion is provided by the gravitational force between the 
particles. Since the gravitational force is attractive, the 
particles will be diametrically opposite to each other. If 
the speed of each particle is v , then for a given particle, 

.2 


mo 


r 


G m 2 

77 


2 V r 


So 


V OC 


1 

7 


EXAMPLE 17 The density of a solid sphere of mass 
M and radius R varies with distance r from its centre as 
k 

p = — where k is a constant. The gravitational field due 
r 

to this sphere at a distance 2R from its centre is given by 


(a) 


(c) 


nk G 
2 

kG 


(b) 


K 1 k G 
R 


MR 

SOLUTION 


3 MG 


Refer to Fig. 6.16. 



To find gravitational field at point P, we divide the 
sphere into concentric shells of a very small thickness 
dr. The mass of each tiny shell can be assumed to be 
concentrated at centre O. Thus the mass M of the whole 
sphere can be assumed to be at O. The gravitational field 
due to this mass M at point P is 

GM GM 

I = -t = —j (i) 

(2 R) 2 4 R 2 

To find ;V/, consider a shell of radius r and thickness dr. 
The volume of this shell is 

dV= (4 nr 2 ) dr 

Therefore, the mass of this shell is 

(k\ 9 

dM = p dV = - I x (4/r r~ dr) 

\rj 

= An k r dr 

The mass of the whole sphere is 


R 


R 


M 


= | dM = Ank J* r dr 


R2- 

= Ank — = 2nkR 2 
2 


(ii) 


Using (ii) in (i), we get 

G 


/ = 


AR 


x 2nk R 2 = 


nkG 


EXAMPLE 18 A solid sphere of mass M and radius 
R is surrounded by a concentric shell of equal mass M and 
radius 3 R. The gravitational field at a point P , at a distance 
r { = 2 R from the centre is /j and a point P 2 at distance r 2 = 

. U . 

AR from the centre is 1 2 .1 he ratio — is 


(a) 


<»)i 
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Fig. 6.17 


Since point P { is inside the shell, the gravitational field 
at P, due to the shell is zero. The field at P, due to the solid 
sphere is 

_ GM GM _ GM 
7| ~ r 2 ~ (2R) 2 ~ 4R 2 

Point P 2 is outside the shell as well as the sphere. The 
mass M of the sphere and the mass M of the shell can be 
assumed to be concentrated at O so that the total mass at 
O is 2 M. The gravitational field due to mass 2 M at point 
P ? is 

_ G(2M) 2GM GM 
12 r 2 2 _ (4 R) 2 ~ 8 R 2 

=> ^=1 
A 2 

8. Escape Velocity 

The escape velocity is the minimum velocity with which 
a body must be projected in order that it may escape the 
earth's gravitational pull. The magnitude of the escape 
velocity is given by 



where M is the mass of the earth and R its radius. 
Substituting the known values of G, M and P, we get v e = 
11.2 kms -1 . The escape velocity is independent of the mass 
of the body. The expression for the escape velocity can be 
written in terms of g as 

v e = ^2gR 

The escape velocity is independent of the mass of the body 
and the direction of projection. 

9. Satellites 

A body moving in an orbit around a much larger and 
massive body is called a satellite. The moon is the natural 
satellite of the earth. 


Orbital Velocity Let us assume that a satellite of mass m 
goes around the earth in a circular orbit of radius r with 
a uniform speed v. If the height of the satellite above the 
earth's surface is h , then r = (R + h), where R is the mean 


radius of the earth. The centripetal force 


necessary 


to keep the satellite in its circular orbit is provided by the 
gravitational force —between the earth and the satel¬ 


lite. This means that 


= G 


m M 


where M is the mass of the earth. Thus 

[GM _ I GM 
V r -y(R + /7) 

Now the acceleration due to gravity on earth’s surface 
is given by 

GM 
g R 2 

or GM = gR 2 

Substituting for GM we get 


v = R 


(R + h) 


If the satellite is a few hundred kilometres above the 
earth’s surface (say 100 to 300 km), we can replace 
(R + h) by R. The error involved in this approximation is 
negligible since the radius of the earth (P) = 6.4 x 10 6 m. 
Thus, we may write 

v= V^ = >.8x6.4xl0 6 
= 7.9 x 10 3 ms -1 - 8 km s^ 1 


Periodic Time The periodic time T of a satellite is the 
time it takes to complete one revolution and it is given by 
(since r = R + h) 

In 


If h P, we have v = JgR . Hence 

2 n 

Total Energy of a Satellite 

Total energy E = K.E. + P.E. 

1 -> G m M 

= — m v~ - 

2 r 
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GmM GmM 
2 r r 


/ 

v v = 

V 



GmM Gm M 


2 r 2(R + h) 






1 

3. 

9 

^ote 

2. E = - (K.E.) 

The total energy is negative which implies that the 
satellite is bound by the gravitational field of the earth. 

GmM 

The binding energy = -. This energy must be 

2 r 

given to the orbiting satellite to escape to infinity. 






equal intervals of time. In Fig. 6.18(b) P,, P 2 , P 3 and 
P 4 represent positions of a planet at different times 
in its orbit and 5, the position of the sun. 

According to Kepler’s second law, if the time 
interval between P, and P 2 equals the time interval 
between P 3 and P 4 , then area A , must be equal to area 
A 2 . Also the planet has the greater speed in its path 
from P | to P 2 than in its path from P 3 to P 4 . 

3. Law of periods The squares of the periods of the 
planets are proportional to the cubes of their mean 
distances from the sun. If T ] represents the period of 
a planet about the sun, and r, its mean distance, then 

T' 2 3 

T \ xr \ 

If T 2 represents the period of a second planet about the 
sun, and r 2 its mean distance, then for this planet 


Angular Momentum 

The magnitude of angular momentum of a satellite is given 
by 

L = mvr 

[gm 

= m ^~ r 

=> L= m y/GMr 

Geostationary Satellites A geostationary satellite is 
a particular type used in communication. A number of 
communication satellites arc launched which remain in 
fixed positions at a specified height above the equator. 
They are called geostationary or synchronous satellites 
used in international communication. 

For a satellite to appear fixed at a position above a 
certain place on the earth, it must corotate with the earth 
so that its orbital period around the earth is exactly equal to 
the rotational period of the earth about its axis of rotation. 

This condition is satisfied if the satellite is put in orbit 
at a height of about 36,000 km above the earth’s surface. 

10. Kepler's Laws of Planetary Motion 

Johannes Kepler formulated three laws which describe 
planetary motion. They are as follows: 

1. Law of orbits Each planet revolves about the sun 
in an elliptical orbit with the sun at one of the focii 
of the ellipse. The orbit of a planet is shown in Fig. 
6.18(a) in which the two focii F, and F 2 , are far 
apart. For the planet earth, F } and F 2 are very close 
together. In fact, the orbit of the earth is practically 
circular. 

2. Law of areas A line drawn from the sun to the 
planet (termed the radius) sweeps out equal areas in 


Planet 




These two relations can be combined since the factor of 
proportionality is the same for both. Thus 

.3 


Tf 


_ 'i 


l 2 r 2 

EXAMPLE 19 The mass of Jupiter is 318 times that 
of the earth and its radius is 11.2 times that of the earth. 
Calculate the escape velocity from Jupiter’s surface. Given 
the escape velocity from earth’surface =11.2 km s -1 . 


SOLUTION For Jupiter : = 


2M } G 


/?■ 


For Earth : 


v 3 = 


_ 2 M e G 


R 


F. 
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V 


J _ 


M } R 


1 


x 


V E 


M E R 


£- = . 318x -= 5.33 


J 


1 1.2 


Vj = 5.33 v E = 5.33 x 11.2 = 59.7 km s' 1 

EXAMPLE 20 Calculate the escape velocity of a 
body at a height 1600 km above the surface of the earth. 
Radius of earth = 6400 km. 

SOLUTION Work required to move a body of mass 
m from r = R + h to r = °° is 


IV = J Fdr = GmM \ — 

Lh Lh r ~ 

Gm M 


R + h 

If v c is the escape velocity, then 


1 2 Gm M 

- mv e = - 

2 * R + h 


v e = 


'2 GM 
R + h 


2gR 

R + h 


' GM\ 

g = —r 
/?“ 


Given R = 6.4 x 10 6 m, and h = 1.6 x 10 6 m and 
g = 9.8 ms 2 


v e = 


2x9.8x(6.4xl0 6 ) 2 
(6.4+1.6)10 6 


= 10x10 ms =10 km s 

EXAMPLE 21 A rocket is launched vertically from 
the surface of the earth with an initial velocity equal to half 
the escape velocity. Find the maximum height attained by 
it in terms of R where R is the radius of the earth. Ignore 
atmospheric resistance. 

© SOLUTION On the surface of the earth, the total 
energy of the rocket is 

£,-= K.E. + P.E. = -mv 2 

At the highest point, v = 0. If h is the maximum height 
attained, the energy of the rocket at height h is 

_ GmM 

E r 

f (R + h) 

From conservation of energy, £, = E f , i.e., 

1 

2 


i GmM 
- mv - 


GmM 


R 


(R + h) 


'2 GM h 

v = . i -x 


h 


R 


R + h 


= v. 


R + h 


V e u V e I R 

Given v= —. Hence — = v. 


R + h 


3 


EXAMPLE 22 A body is dropped from a height h 

p 

equal to —, where R is the radius of the earth. Show that 

it will hit the surface of the earth with a speed v = v e /\/3, 

where v e is the escape velocity from the surface of the earth. 

© SOLUTION Total energy of the body at height h is 

, GmM 

E, =- (l) 

1 (R + h) 

Total energy when it hits the surface of the earth is 

1 2 GmM 

Er — —mv - (n) 


7 


R 


From conservation of energy, E x = E f , i.e. 


Gm M 


1 


(R + h) 2 mV 


GmM 

R 


2 GM 


For h = —, v 
2 


v = 


_ V e 


R 


x 


h 


R 


(R + h) 


= v. 


(R + h) 


E' 


EXAMPLE 23 Show that the minimum energy 
required to launch a satellite of mass m from the surface 
of the earth in a circular orbit at an altitude h = R , where 

3 mgR 

R is the radius of the earth is : —-— where M is the mass 

4 

of the earth. 

SOLUTION Total energy of the satellite orbiting 
the earth is 

GmM GmM GmM 


£.= 


2 r 


2 (R + h) 


4 R 
(v h = R) 

Total energy when the satellite was at rest on the surface 
of the earth is 

„ __ _ __ ^ GmM GmM 

E 2 — K.E. + P.E. = 0 — 

/. Minimum energy required is 

= Et - E* 


R 


R 


inin 


1 “ ^2 
Gm M 
4 R 
3 Gm M 


GmR 

~R~ ) 


4 R 


= 7 mgR 
4 


EXAMPLE 24 A satellite of mass m = 100 kg is in 
a circular orbit at a height h = R above the surface of the 
earth where R is the radius of the earth. Find 

(a) the acceleration due to gravity at any point on the 
path of the satellite, 
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(b) the gravitational force on the satellite and 

(c) the centripetal force on the satellite. 

SOLUTION 

2 / - x2 


(a) g = g 


R 


R + h 


= 9.8 x 


R 

R + R 


= M =2 . 45m s 2 

4 


(b) Gravitational force on satellite is 

F g = mg'= 100 x2.45 = 245 N 

(c) Centripetal force 


F c = 


m ir Gm M 


r 


f GM 
'-g = 


r 




R 


Gm M R 
- 1 — x — 


R‘ 


= mg x 


r 

R 


R + h 


= mg' = 245 N. 



Since F„ = F ( , the satellite is a freely falling 
body and is, therefore, weightless. 


Note 


EXAM PLE 25 A body projected vertically upwards 
from the surface of the earth with a certain velocity rises 
to a height of 10 m. How high will it rise if it is projected 
with the same velocity vertically upwards from a planet 
whose density is one-third that of the earth and radius half 
that of earth? Ignore atmospheric resistance. 

© SOLUTION Since the kinetic energy of the body 
is the same in both the cases, loss in K.E. = gain in P.E. 
will be equal, i.e., 

mg p h p = mg e h e 
Se 


h P = K x 


Now 


Sp 

GM G 


8 R : 

Se_ _ R c 


R. 


x 


R 

Pc _ 


An o An _ 
x — R p = —GRp 


= 2x3 = 6 


h = 6 / 7 ., = 6 x 10 = 60 m 

r c 

EXAMPLE 26 A satellite of mass 2000 kg is 
orbiting the earth at an altitude R! 2, where R is the radius of 
the earth. What extra energy must be given to the satellite 
to increase its altitude to R1 Given R = 6.4 x 10 6 m. 

© SOLUTION In the first case, r, = R + — = — and 

2 2 

in the second case, r 2 = R + R = 2 R. 


Required energy = E 2 - E } 

_ Gm M 

2 A 


Gm M 


\ 




2 r 


1 ) 


Gm M Gm M 
-+- 


AR 
Gm M 
12 R 
mgR 
~V2 


3 R 


GM 

R 2 > 


2000 x 9.8 x (6.4 xlO 6 ) 


12 


= 1.04 x 10 x J 

EXAMPLE 27 Two bodies of masses m x and m 2 
are held at a distance r apart. Show that at the point where 
the gravitational field due to them is zero, the gravitational 
potential is given by 

G 


V= - (m x + m 2 + 2 yjm x m 2 


SOLUTION Let the gravitational field be zero at 
point P(Fig. 6.19). Then 


m 1 


m 2 


1 {Ss 

r. 

I 

1 


To 

wl 

t* f 1 

1 

r* - 

1 

- T — 

'2 

1 

- 


G m 


1 _ 


Fig. 6.19 

G m 2 


2 

2 

r \ 

r 2 

n _ 

F\ 

C 1 

F 2 

n _ 

Fh 


r - r, 


r \ = 




(Fh + F 2 ) 


(0 


Also 


r 2 = r - r x = r - 


r Jm 


(Fh+J m 2 ) 


t\ m 


(Fh + Fh) 

Gravitational potential at P is 

Gm, Gnu 


(ii) 


V= - 


(tit) 


Using (i) and (ii) in (iii) and simplifying, we get 

G 


V= -(777, + 777 2 + 2yjm x m 2 

1 - ' — —' 


EXAMPLE 28 The distance of a planet from the sun 
is 10 times that of the earth. Find the period of revolution 
of the planet around the sun. 
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SOLUTION From Kepler’s law of periods, T 2 
r 3 * * . Therefore 


T 2 r 3 

At = -r = (10) 3 = 1000 
T 2 r 

J e ' e 


r p = r c x Viooo 

= 1 year x 31.6 = 31.6 years 

EXAMPLE 29 A satellite is revolving in a circular 
orbit close to the surface of the earth with a speed v. What 
minimum additional speed must be imparted to it so that it 
escapes the gravitational pull of the earth? Radius of earth 
= 6.4 x 10 6 m. 

© SOLUTION v = yfgR and v e = J2gR 
Additional speed required is 


v e -v= (V2-1 )s[gR 


= 0.414 x ?9^8 x 6.4 x 10" 

= 3.28 x 10 3 ms 1 
= 3.28 km s“‘ 

EXAMPLE 30 A body of mass m is placed at the 
centre of a spherical shell of radius R and mass M. Find the 
gravitational potential on the surface of the shell. 


SOLUTION Gravitational potential on the surface 
of the shell due to body of mass m is 

Gtn 


v»= - 


R 


Gravitational potential on the surface of the shell due to 
shell itself is 

y m 

s R 

V=V b +V s =-^(m + M) 

K 

EXAMPLE 33 A tunnel is drilled from the surface 
of the earth to its centre. A body of mass m is dropped 
into the tunnel. Find the speed with which the body hits 
the bottom of the tunnel. The mass of earth is M and its 
radius is R. 

SOLUTION Let v be the required speed. Gain 
in K.E. = loss in P.E. = P.E. at the surface - P.E. at the 

centre. The potential energy at the centre of the sphere = 
3 Gm M 

-. Hence 

2 R , n~\M / 3 GmM^ 

2 R 


1 2 Gw M 

— mv =- 

2 R 


! 


V = 


] GM 


R 


= 


< GM\ 
v g - 




R 2 J 


1 

SECTION 


Multiple Choice Questions with One Correct Choice 


1. The acceleration due to gravity g on earth is 
9.8 ms . What would the value of g for a planet 
whose size is the same as that of earth but the density 
in twice that of earth? 

(a) 19.6 ms" 2 (b) 9.8 ms" 2 

(c) 4.9 ms” 2 (d) 2.45 ms” 2 

2. If the radius of the earth suddenly decreases to 80% 
of its present value, the mass of the earth remaining 
the same, the value of the acceleration due to gravity 
will 

(a) remain unchanged 

(b) become (9.8 x 0.8) ms” 2 

(c) increase by 36% 

(d) increase by about 56% 

3. The mass of a planet is 1/10 that of earth and its 

diameter is half that of earth. The acceleration due 

to gravity at the planet will be 


(a) 1.96 ms" 2 (b) 3.92 ms" 2 

(c) 9.8 ms” 2 (d) 19.6 ms” 2 

4. The escape velocity of a body projected vertically 
upwards from the surface of the earth is v. If 
the body is projected in a direction making an 
angle 6 with the vertical, the escape velocity 
would be 

(a) v (b) v cos 6 

(c) v sin 6 (d) v tan 6 

5. A small planet is revolving around a very massive 
star in a circular orbit of radius R with a period of 
revolution T. If the gravitational force between the 
planet and the star were proportional to R 5 2 , then 
T would be proportional to 

(a ) R m (b) R V5 

(c) R 7/2 (d) R 7/4 
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6. If g is the acceleration due to gravity on the surface 
of the earth, the gain in potential energy of an object 
of mass m raised from the earth’s surface to a height 
equal to the radius R of the earth is 

(a) mgR/4 (b) mgR/2 

(c) mgR (d) 2 tngR 

7. Two satellites of the same mass are orbiting round 
the earth at heights of R and 4 R above the earth’s 
surface: R being the radius of the earth. Their kinetic 
energies are in the ratio of 

(a) 4:1 (b) 3 : 2 

(c) 4:3 (d) 5 : 2 

8. A satellite is orbiting the earth in a circular orbit of 
radius r. Its period of revolution varies as 

(a) yfr (b) r 

(c) r m (d) r 2 

9. If the gravitational force of attraction between any 
two bodies were to vary as Mr instead of l/r“, the 
period of revolution of a planet round the sun would 
vary as 

(a) Vr (b) r 

(c) r 3 ' 2 (d) /- 2 

10. If both the mass and the radius of the earth decrease 
by 1%, the value of the acceleration due to gravity 
will 

(a) decrease by 1% (b) increase by 1% 

(c) increase by 2% (d) remain unchanged. 

11. A geostationary satellite is orbiting the earth at a 
height of 6 R above the surface of the earth; R being 
the radius of the earth. What will be the time period 
of another satellite at a height 2.5 R from the surface 
of the earth? 

(a) 6>/2 hours (b) hours 

(c) 6>/3 hours (d) 12 hours 

12. The masses and radii of the earth and moon are 
A/,, R } and M 2 , R 2 respectively. Their centres are a 
distance cl apart. The minimum speed with which a 
particle of mass m should be projected from a point 
midway between the two centres so as to escape to 
infinity is given by 


(a) 2 


(c) 2 


g(m } +\t 2 y_ 

md 


G(M 1 -A/ 2 ) : 

md 


nI/2 


(b) 2 


G(M l + M 2 ) 


-|l/2 


nl/2 


(d) 2 


G{M x -M 2 ) 


-. 1/2 


13. The angular momentum of the earth revolving round 
the sun is proportional to R n where R is the distance 
between the earth and the sun. The value of n is 

(a) 0.5 (b) 1.0 

(c) 1.5 (d) 2.0 

14. Two satellites of masses 3 M and M orbit the earth in 
circular orbits of radii r and 3 r respectively. The ratio 
of their speeds is 

(a) 1 : 1 (b) VJ: 1 

(c) 3 : 1 (d) 9 : 1 

15. For earth the escape velocity is 11.2 kms 1 . For a 
planet whose mass and radius are twice those of the 
earth, the escape velocity will be 

(a) 44.8 kms" 1 (b) 22.4 kms 1 

(c) 11.2 kms 1 (d) 2.8 kms 1 

16. An earth satellite is kept moving in orbit by the 
centripetal force provided by 

(a) the burning of fuel in its engine 

(b) the ejection of hot gases from its exhaust 

(c) the gravitational attraction of the sun 

(d) the gravitational attraction of the earth. 

I 7. An instrument package is released from an orbiting 
earth satellite by simply detaching it from the outer 
wall of the satellite. The package will 

(a) go away from the earth and get lost in outer space 

(b) fall to the surface of the earth 

(c) continue moving along with the satellite in the 
same orbit and with the same speed 

(d) fall through a certain distance and then move in 
an orbit around the earth. 

1 8. Two satellites A and B are orbiting around the earth 
in circular orbits of the same radius. The mass of 
A is 16 times that of B. The ratio of the period of 
revolution of B to that of A is 

(a) 1 : 16 (b) 1 : 4 

(c) 1 : 2 (d) 1 : 1 

19. A satellite is moving around the earth in a stable 
circular orbit. Which one of the following statements 
will be wrong for such a satellite? 

(a) It is moving at a constant speed. 

(b) Its angular momentum remains constant. 

(c) It is acted upon by a force directed away from 
the centre of the earth which counter- balances 
the gravitational pull of the earth. 

(d) It behaves as if it were a freely falling body. 

20. Astronauts in a stable orbit around the earth are said 
to be in a weightless condition. The reason for this is 
that 
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(a) the capsule and its contents are falling freely at 
the same rate 

(b) there is no gravitational force acting on them 

(c) the gravitational force of the earth balances that 
of the sun 

(d) there is no atmosphere at the height at which they 
are orbiting. 

21. The escape velocity from the earth is v e . What is the 
escape velocity from a planet whose radius is twice 
that of the earth and mean density is the same as that 
of the earth? 

(a) v e 12 (b) v e 

(c) 2 v e (d) 4 v e 

22. Choose the wrong statement. The escape velocity of 
a body from a planet depends upon 

(a) the mass of the body 

(b) the mass of the planet 

(c) the average radius of the planet 

(d) the average density of the planet 

23. Choose the wrong statement. The orbital velocity of 
a body in a stable orbit around a planet depends upon 

(a) the average radius of the planet 

(b) the height of the body above the planet 

(c) the acceleration due to gravity 

(d) the mass of the orbiting body 

24. Choose the correct statement. In planetary motion 

(a) the speed along the orbit remains constant 

(b) the angular speed remains constant 

(c) the total angular momentum remains constant. 

(d) the radius of the orbit remains constant. 

25. An object weighs W newton on earth. It is suspended 
from the lower end of a spring balance whose upper 
end is fixed to the ceiling of a space capsule in a 
stable orbit around the earth. The reading of the 
spring balance will be 

(a) W (b) less than W 

(c) more than W (d) zero. 

26. If M is the mass of the earth, R its radius (assumed 
spherical) and G the universal gravitational constant, 
then the amount of work that must be done on a body 
of mass m so that it completely escapes from the 
gravity of the earth, is given by 


(a) 

GmM 

(b) 

GmM 

R 

2 R 

(c) 

3GmM 

(d) 

3 GmM 

2 R 

4 R 


27. A rocket is fired from the earth to the moon. The 
distance between the earth and the moon is r and the 
mass of the earth is 81 times the mass of the moon. 
The gravitational force on the rocket will be zero, 
when its distance from the moon is 




r 


15 




r 

5 


28. Assuming that the earth is a sphere of radius /?, at 
what altitude will the value of the acceleration due to 
gravity be half its value at the surface of the earth? 

(a) h = j (b) h = 2L 


(c) h = (sl2+\)R (d) h = (V2-l)/? 

29. Assuming that the earth is a sphere of uniform mass 
density, what is the percentage decrease in the weight 
of a body when taken to the end of a tunnel 32 km 
below the surface of the earth? Radius of earth = 
6400 km. 

(a) 0.25% (b) 0.5% 

(c) 0.75% (d) 1% 


30. 


An extremely small and dense neutron star of mass 
M and radius R is rotating at an angular frequency 
CO. If an object is placed at its equator, it will remain 
stuck to it due to gravity if 


(a) M > 


Rco 

~G 


(b) M> 


R 2 (o 2 

G 


(c) M> 


RW 

G 


(d) M > 


R 2 or 
G 


31. Two small and heavy spheres, each of mass A/, are 
placed a distance r apart on a horizontal surface. The 
gravitational field intensity at the mid-point of the 
line joining the centres of the spheres is 


(a) zero 



GM 2 

2 

r 


GM 2 
2 1 



GM 2 
4 r 2 


32. In Q. 31, the gravitational potential at the mid-point 
of the line joining the centres of the spheres is 


(a) zero 

(b)- 

GM 

, x 2 GM 

(d) - 

r 

4GM 

(c) 


r r 
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33. Three particles, each of mass m, are placed at the 
vertices of an equilateral triangle of side a. The 
gravitational field intensity at the centroid of the 
triangle is 


(a) zero 


(c) 


2 Gm 


(b) 


(d) 


Gm 


ci 


3Gm 


a 


a 


34. In Q. 33, the gravitational potential at the centroid is 

Gm 


(a) zero 


(c) - 2 V 3 


(b) -3>/3 


Gm 


(d) ->/3 


a 


a 

Gm 

a 


35. The distance between the sun and the earth is r 
and the earth takes time T to make one complete 
revolution around the sun. Assuming the orbit of the 
earth around the sun to be circular, the mass of the 
sun will be proportional to 
.2 

(b) 


(a) — 


r 

T 


r 


(c) 


r 


T 


(d) t 


36. A rocket is launched vertically from the surface 
of the earth of radius R with an initial speed v. If 
atmospheric resistance is neglected, the maximum 
height attained by the rocket is given by 


(a) h = 


R 


R 


pf-ll 


f 2 *,* + l] 



k V / 


(c) h = R 


2gR 


V V' 


I 


(d) h = R 


2 gR 


+ 1 


V V 


37. The escape velocity of a body on the earth’s surface 
is v e . A body is thrown with a speed 3 v e . Assuming 
that the sun and planets do not influence the motion 
of the body, its speed at infinity would be 

(a) zero (b) v e 

(c) yflv e (d) l4lv e 

38. A body is released from a height equal to the radius 
(R) of the earth. The velocity of the body when it 
strikes the surface of the earth will be 

(b) 

(d) 2 JiR 


(a) yfgR 
(c) 2^R 


39. A satellite of mass m is orbiting the earth at a height 
h from its surface. If M is the mass of the earth and 
R its radius, the kinetic energy of the satellite is 


(a) 

GmM 

(b) 

GmM 

(R + h) 2 

2 (R + h) 2 

(c) 

GmM 

(d) 

GmM 

(R + h) 

2 (R + h) 


40. In Q. 39 the potential energy of the satellite is given by 

. . GmM ,. GmM 

(a) - --— (b) - 


(R + h)' 


2 (R + h)‘ 



GmM 
{R + h) 



GmM 

2{R+h) 


4 1. How much energy must be spent to pull the satellite 
in Q.39 out of the earth's gravitational field? 


(a) 

2 GmM 

(b) 

GmM 

{R + h) 2 

2 (R + h) 2 

(c) 

2GmM 

(d) 

GmM 

A n « \ 


(R + h) 2 (/? + /?) 


42. How much energy would be spent to pull the satellite 
in 0- 39 out of the earth’s gravitational field if the 
earth shrank suddenly to half its present size? 


43. 


(a) 

GmM 

(b) 

GmM 

2 (R + h) 2 

4 (R + h) 2 

(c) 

GmM 

(d) 

GmM 

2 (R + h) 

4 (R + h) 


The radius of the earth is R. For a satellite to appear 
stationary, it must be placed in orbit around the earth 
at a height of about (given R = 6380 km) 


(a) 5.6 R (b) 6.6 R 

(c) 7.6 R (d) 8.6 R 


44. What is the minimum energy required to launch a 
satellite of mass m from the surface of the earth of 
radius R in a circular orbit at an altitude of 2R2 


(a) 

5 GmM 

(b) 

2GmM 

6R 

3 R 

(c) 

GmM 

(d) 

GmM 

2 R 

3 R 


45. Two stars, each of mass m and radius R are 
approaching each other for a head-on collision. They 
start approaching each other when their separation is 
r » R. If their speeds at this separation are negligible, 
the speed with which they collide would be 


(a) v = 

(c) v = 



(1 n 

Gm 

<R r) 


(b) v= jGm 



'Gm 


( 1 

n 


(1 n 

- + - 

(d) v= Gm 


V R 

r) 

[2 R r) 
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46. Choose the only incorrect statement from the 
following: 

(a) The equivalence of inertial and gravitational 
mass has provided a clue to the deeper under¬ 
standing of gravitation. 

(b) At poles, the effect of rotation of earth on the 
value of g is the minimum. 

(c) Very massive rockets and extremely tiny parti¬ 
cles, such as the molecules of a gas, require the 
same initial velocity to escape from the earth. 

(d) A geostationary satellite, if imparted the neces¬ 
sary velocity, can be put in orbit at any height 
above the earth. 

47. An artificial satellite is moving in a circular orbit 
around the earth with a speed equal to half the escape 
velocity from the earth of radius R. What is the height 
of the satellite above the surface of the earth? 

(a) | (b) R 

(c) 3 R (d) 6 R 

48. In 0 47, if the satellite is stopped suddenly in its orbit 
and allowed to fall freely on the earth, the speed with 
which it will hit the surface of the earth will be 

(a) (b) J2JR 


52. A meteor of mass M breaks up into two parts. The 
mass of one part is m. For a given separation r the 
mutual gravitational force between the two parts will 
be the maximum if 


(a) m = — 
2 

M 

<c> ». - ^ 


(b) m = 


(d) m = 


M 
3 
M 


53. A body of mass m is raised to a height /? above the 
surface of the earth of mass M and radius R until its 

gravitational potential energy increases by - mgR. 
The value of/? is 





mR 

( M -I- m) 



mR 

M 


54. A satellite of mass m is moving in a circular orbit 
of radius R above the surface of a planet of mass M 
and radius R. The amount of work done to shift the 
satellite to a higher orbit of radius 2 R is (here g is the 
acceleration due to gravity on planet’s surface) 

<a> n, sR (b) 

0 


(c) yf^R 


(d) 2-JgR 


49. A body is projected vertically upward from the 
surface of the earth with a velocity equal to half the 
escape velocity. If R is the radius of the earth, the 
maximum height attained by the body is 


< 


(c) 


2 R 


«7 


(d) R 


50. Infinite number of masses, each of mass /??, are 
placed along a straight line at distances of /*, 2r, 4r, 
8r, etc. from a reference point O. The gravitational 
field intensity at point O will be 


, , 5 Gm 

(a) -=- 

4 r 2 

(b) 

of the earth is 

r~z —it - 


3 Gm 
(C) 

2 r 2 

(« 2 G r 

r 

(a) 

2gR 

V(« + 0 

f-—r - 

(b) 

In Q. 50, the magnitude of the gravitational potential 
at point 0 will be 

(c) 

2gRn 

V(»-1) 

(d) 


(a) 


(c) 


Gm 

17 

3 Gm 
2 r 


(b) 


(d) 


Gm 


r 


2 Gm 


(c) 


mMgR 
(M + m) 


(d) 


mMgR 
6 (M + ??7) 


55. The change in the gravitational potential energy 
when a body of mass m is raised to a height nR above 
the surface of the earth is (here R is the radius of the 
earth) 


(a) 


n 


n + 1 


mgR 


(c) nmgR 


(b) 


(d) 


n 


n — \ 

mgR 

n 


mgR 


56. A body of mass m is dropped from a height nR above 
the surface of the earth (here R is the radius of the 


2gR_ 
(«-1) 

2gR» 
(w + l) 


57. Two balls A and B are thrown vertically upwards from 
the same location on the surface of the earth with 


velocities 2. 


gR 


and 


2 gR 


V 3 


respectively, where 
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R is the radius of the earth and g is the acceleration 
due to gravity on the surface of the earth. The ratio 
of the maximum height attained by A to that attained 
by B is 

(a) 2 (b) 4 

(c) 8 (d) 4sfl 

58. Two solid spheres of radii r and 2/\ made of the same 
material, are kept in contact. The mutual gravitational 
force of attraction between them is proportional to 


(a) \ 

r 

(c) r 2 


(b) \ 

r 

( d ) ,- 4 


59. A comet is moving in a highly elliptical orbit round 
the sun. When it is closest to the sun, its distance 
from the sun is rand its speed is v. When it is farthest 
from the sun, its distance from the sun is R and its 
speed will be 
1/2 

(b) v 


3/2 




(d) v - 



60. The value of the acceleration due to gravity at the 
surface of the earth of radius R is g. It decreases by 
10% at a height h above the surface of the earth. The 
gravitational potential at this height is 

« - £ 


2 gR 




4 gR 

VTo 


61. Two stars of masses m and 2m are co-rotating about 
their centre of mass. Their centres are at a distance r 
apart. If r is much larger than the sizes of the stars, 
their common period of revolution is proportional to 

(a) r (b) r vl 

(c) r 2 (d) P 


62. In Q. 61 above, the kinetic energies of stars of masses 
m and 2m are in the ratio 


(a) 1 : >/2 (b) a/2 : 1 

(c) 1 : 2 (d) 2 : 1 

63. In 0- 61 above, the angular momenta of the stars of 
masses m and 2m about their centre of mass are in 
the ratio 


(a) 1 : 2 (b) 2 : 1 

(c) 1 : 4 (d) 4 : 1 


64. A uniform sphere of mass M and radius R exerts a 
force F on a small mass m situated at a distance of 2 R 
from the centre O of the sphere. A spherical portion 
of diameter R is cut from the sphere as shown in Fig. 
6.20. The force of attraction between the remaining 
part of the sphere and the mass m will be 




(b) 


2 F 


«>7 



65. The centres of a ring of mass m and a sphere of mass 
M of equal radius R, are at a distance yfs R apart as 
shown in Fig. 6.21. The force of attraction between 
the ring and the sphere is 


(a) 


(c) 


2V2 Gm M 

(b) 

G m M 

27 R 2 

%R 2 

G m M 

(d) 

yjl G m M 

9 R 2 

9 9 R 2 

m 

/T\ 


M 

XT's. 

/ R 

/ 1 \ 


R 

u _ 

I 

_Jt 

A 

1 i 

V8 R 

B 


Fig. 6.21 


66. A solid sphere of uniform density and radius 4 units 
is located with its centre at origin O of coordinates. 
Two spheres of equal radii 1 unit, with their centres 
at A (- 2, 0, 0) and B (2, 0, 0) respectively are taken 
out of the solid sphere leaving behind spherical 
cavities as shown in Fig. 6.22. Choose the incorrect 
statement from the following. 
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Y 

A 



Fig. 6.22 

(a) The gravitational force due to this object at the 
origin is zero. 

(b) The gravitational force at point 8(2, 0, 0) is zero. 

(c) The gravitational potential is the same at all 
points of the circle y + z z = 36. 

(d) I'he gravitational potential is the same at all 
points of the circle y 1 + z 2 = 4. 


67. Two bodies of masses w, and m 2 are initially at rest 
at infinite distance apart. They are then allowed to 
move towards each other under mutual gravitational 
attraction. Their relative velocity of approach at a 
separation distance r between them is 

(a) 


r 


(M 


'i 


2G (m x + m 2 ) 


nI/2 




1/2 


2 G(m x m 2 ) 



(2 G 

V r 


/??, m 2 



68. Two objects of masses m and 4/?? arc at rest at infinite 
separation. They move towards each other under 
mutual gravitational attraction. Then, at a separation 
r, which of the following is true? 

(a) 'I'he total energy of the system is not zero. 

(b) The force between them is not zero. 

(c) The centre of mass of the system is at rest. 

(d) All the above are true. 

69. A satellite is launched into a circular orbit of radius 
R around the earth. A second satellite is launched 
into an orbit of radius 1.01 R. 'I'he period of the 
second satellite is longer than that of the first by 
approximately 

(a) 0.5% (b) 1.0% 

(c) 1.5% (d) 3.0% 


70. If the distance between the earth and the sun were 
half its present value, the number of days in a year 
would have been 

(a) 64.5 (b) 129 

(c) 182.5 (d) 730 

71. An artificial satellite moving in a circular orbit around 
the earth has a total (kinetic + potential) energy E 0 . 
Its potential energy is 

(a) -E 0 (b) 1.5 E 0 

(c) 2 E 0 (d) E 0 

72. A satellite S is moving in an elliptical orbit around 
the earth. The mass of the satellite is very small 
compared to the mass of the earth. Which of the 
following statements is correct? 

(a) The acceleration of S is always directed towards 
the centre of the earth. 

(b) The angular momentum of S about the centre of 
the earth changes in direction, but its magnitude 
remains constant. 

(c) The total mechanical energy of S remains con¬ 
stant. 

(d) The linear momentum of S remains constant in 
magnitude. 

73. A simple pendulum has a time period T ] when on 
the earth’s surface, and I 2 when taken to a height R 
above the earth’s surface, where R is the radius of the 
earth. The value of T 2 /T x is 

(a) 1 (b) V2 

(c) 4 (d) 2 

74. An ideal spring with spring-constant k is hung from 
the ceiling and a block of mass M is attached to its 
lower end. The mass is released with the spring 
initially unstretched. Then the maximum extension 
in the spring is 

(a) 4 Mg/k (b) 2 Mg/k 

(c) Mg/k (d) Mg/2k 

75. A geo-stationary satellite orbits around the earth in 
a circular orbit of radius 36000 km. Then, the time 
period of a spy satellite orbiting a few hundred 
kilometers above the earth’s surface (/? Harth = 6400 
km) will approximately be 

(a) (1/2) h (b) 1 h 

(c) 2 h (d) 4 h 

76. A mass M is divided into two parts xm and (1 - x)m. 
For a given separation, the value of a* for which 
the gravitational attraction between the two pieces 
becomes maximum is 
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(C) 1 


(b)f 

(d> 2 


77. The height of the point vertically above the earth’s 
surface at which the acceleration due to gravity 
becomes 1% of its value at the surface is (R is the 
radius of the earth) 


(a) 8 R (b) 9 R 

(c) 10 R (d) 20 R 

3 

78. A body is projected up with a velocity equal to — of 

the escape velocity from the surface of the earth. The 
height it reaches is: (Radius of the earth = R) 




1 OR 
9 

9 R 
8 


(b) 

(d) 


9R_ 

1 

10 R 
3 


79. Two bodies of masses = m and M 2 = 4 m arc placed 

at a distance r. The gravitational potential at a point 
on the line joining them where the gravitational field 
is zero is 

, V ,,x 4 Gm 

(a) zero (b) - 

r 


. . 6 Gm 9Gm 

(c)- (d)- 

r r 

80. The radius of the earth is R and g is the acceleration 
due to gravity on its surface. What should be the 
angular speed of the earth so that bodies lying on the 
equator may appear weightless? 




81. If W l9 W 2 and W 3 represent the work done in moving 
a particle from A to B along three different paths 1,2 
and 3 (as shown in Fig. 6.23) in the gravitational field 
of a point mass /;?, find the correct relation between 
W l9 W 2 and W 3 . 



(a) IT, > W 3 > IV 2 (b) W y = W 2 = W 3 

(c) Wy < W 3 < W 2 (d) Wy < W 2 < W 3 

82. A binary star system consists of two stars of masses 
My and M 2 revolving in circular orbits of radii Ry and 
R 2 respectively. If their respective time periods are 
Ty and T 2 , then 

(a) Ty > T 2 if Ry > R 2 (b) Ty > T 2 if My > M 2 


(C) T x 

= t 2 

II 

-o 

r /?, V /2 

y R i) 

,'7*5. Answers 
'V"° 



1. (a) 

2. (d) 

3. (b) 

4. (a) 

5. (d) 

6. (b) 

7. (d) 

8. (c) 

9. (d) 

10. (b) 

11. (a) 

12. (b) 

13. (a) 

14. (b) 

15. (c) 

16. (d) 

17. (c) 

18. (d) 

19. (c) 

20. (a) 

21. (c) 

22. (a) 

23. (d) 

24. (c) 

25. (d) 

26. (a) 

27. (c) 

28. (d) 

29. (b) 

30. (c) 

31. (a) 

32. (d) 

33. (a) 

34. (b) 

35. (c) 

36. (a) 

37. (d) 

38. (a) 

39. (d) 

40. (c) 

41. (d) 

42. (c) 

43. (a) 

44. (a) 

45. (b) 

46. (d) 

47. (b) 

48. (a) 

49. (b) 

50. (b) 

51. (d) 

52. (a) 

53. (b) 

54. (b) 

55. (a) 

56. (d) 

57. (c) 

58. (d) 

59. (b) 

60. (c) 

61. (b) 

62. (c) 

63. (c) 

64. (a) 

65. (a) 

66. (b) 

67. (a) 

68. (d) 

69. (c) 

70. (b) 

71. (c) 

72. (a) 

73. (d) 

74. (b) 

75. (c) 

76. (a) 

77. (b) 

78. (b) 

79. (d) 

80. (a) 

81. (b) 

82. (c) 




Solutions 


1. Volume of earth (V) = 


4 K 

T 


R \ Therefore, density of 


u • M 

earth is p = - 
V 


or M = Vp = 
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GM AnGpR 

Now g = —— =--— . Since R is the same tor 

R 2 3 

both planets, if p is doubled, the value of g is also 
doubled. Hence the correct choice is (a). 


2. Now g = 


GM 


.If/? reduces to R' = 0.8 /?, the value 


of g becomes 


GM 


GM 


R' 2 OMR 2 


_ g _ 9.8 ms 
0.64 0.64 

g 0.36 g 

Increase in value of g = —-g = -— 

0.64 0.64 

0 ^ 6 

.*. Percentage increase = — 1 —— x 100 = 56.25% 

0.64 g 

Hence the correct choice is (d). 


3. For earth g = 


GM 


GM n mgR 
-— • mR — - 

2 R 2 2 


GM 


Hence the correct choice is (b). Remember, the 
expression PE = nigh is an approximate one which 
is valid if /?«/?. 

7. Let a satellite of mass m revolve in an orbit at a 
height r from the centre of the earth. If the speed of 
the satellite is v 9 then 

mv GMm 2 GMm 

-= —-— or mv = - 

r r r 

where Mis the mass of the earth. The kinetic energy 
of the satellite is given by 

1 GM m 

— mv = - 

2 2 r 

The ratio of the kinetic energies of the two satellites 
is (v their masses are equal) 

2 mVx _ GMm 2 r 2 _ r 2 


mV' 


G M m 


For planet g = 


GM 


g M R 1 2 2 

— = — x — = — x (2) 2 = - 

g M R' 2 10 5 


Thus 


g'=- = - x 9.8 = 3.92 ms 2 
5 5 


Hence the correct choice is (b). 

4. The escape velocity is independent of the direction 
of projection. Hence the correct choice is (a). 

5. Since the gravitational force provides the necessary 
centripetal force for circular motion, we have 


mv «/2 

- = kR , where Ar is a constant. 

R 


,- 3/2 


Therefore v = 


2k R I m 7/2 

Period of revolution T = - = 2k J— x R ~ or 

1/ V* 

T oc R 4 . Hence the correct choice is (d). 

6. If M is the mass of the earth, the gain in potential 
energy is given by 


Gm M 


dx = - GmM — = 


ll 2 * GmM 


But r ] =R + R = 2R and r 2 = R + 4R = 5R. Therefore, 
the ratio r 2 /r, = 5/2. Hence the correct answer is (d). 

8. The speed the satellite is given by 

Igm 


Therefore, its period of revolution is 

T= — = 2lt r i/2 
v 4GM 

Hence the correct choice is (c). 

9. If the gravitational force were to vary as 1/r 3 , the 
speed of the planet round the sun would be given by 


GM 


instead of v = 


Therefore, the period of revolution of the planet 
would be given by 

2k r _ 2Kr 2 

v 4 gm 

Hence the correct choice is (d). 

10. The acceleration due to gravity is given by 

GM 

g ~ 

Ag _ AM 2AR 
g MR 

= (-1%) - (-2 x 1%) 

= + 1 % 
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i.e. the value of g will increase by 1%. Hence the 
correct choice is (b). 

11. The time period of satellite orbiting at a distance r 
from the centre of the earth is given by 


T~ — 


4/rr 

GM 2 


where M is the mass of the earth. Therefore, the ratio 
of the time periods of two satellites at distance r x and 
r 2 respectively from the centre of the earth is 

3/2 


r, 


i _ 


t ; 


r, 


V 


or 


t 2 = r, 




V'l J 


3/2 


For the geostationary satellite T x = 1 day = 24 hours 
and r x =6 R + R = 1R. 

For the other satellite, r 2 = 2.5 R + R = 3.5 R. 
Therefore 


T 2 = 24 x 


(3.5 R 


x3/2 


= 24 x 


( 1 

2 


3/2 


V 7/? 7 

= 6>/2 hours. 

Hence the correct choice is (a). 

12. Let f be a particle of mass m situated midway 
between the centres of the earth and the moon (Fig. 
6.24). The potential energy of particle P due to earth 
is 

Mi 



r 


d/2 


d 


2GM 2 m 

and that due to moon =--— 

d 

Total potential energy =-( M x + M 2 ) 

d 

If the particle P is projected with a velocity v, its 

1 7 

kinetic energy = — mv . Therefore, the total initial 
energy of the particle is 

Ej= (M ] + M 2 ) + i mv 2 


If the particle is to escape to infinity, its final potential 
and kinetic energy will be zero. Thus the total energy 
E f = 0. From the principle of conservation of energy, 

Ei = E f 

or- — (M x + M 2 ) + — mv 2 = 0 


d 


which gives v = 2 


G(M x +M 2 ) 


1 


Hence the correct choice is (b). Notice that v is 
independent of the mass m of the particle. This is 
the minimum value of the velocity for the particle to 
escape to infinity. 

13. We know that 

.2 


mv 

R 


G M m 


R 


which gives v = 


GM 


R 


Now, angular momentum L = mvR = m x 
= myjGM R m . 


GM 


R 


xR 


or L oc R 12 ' Hence the correct choice is (a). 
14. The speed of the satellite is given by 


v = 


] GM 


where M is the mass of the earth, it is independent of 
the mass of the satellite. Thus 




3r 


v- 


r 


Hence the correct choice is (b). 


15. For earth v e = 


For planet v' - 


IMG 


R 


[ 2M r G 2(2 M)G 


R' 


2 R 


2 MG 


R 


= v e 


Hence the correct choice is (c). 

16. The centripetal force is provided by the gravitational 
attraction of the earth. Hence the correct choice is 

(d). 

1 7. While inside the satellite, the instrument packet is 
orbiting the earth along with the satellite. When 
detached, it, therefore, has the necessary orbital 
velocity. Hence the correct choice is (c). 
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18. The period of revolution of a satellite in a given orbit 
is independent of its mass. Hence the correct choice 
is (d). 

19. Choices (a), (b) and (d) are all correct. Hence the 
choice (c) is the correct answer. 

20. The correct choice is (a). 


21. For earth : 


v e = 


2M e G 


K 


For planet: v = 


2M p G 


R 


V„ lM n R 
Therefore, — = ' p e 


v , 




(i) 


If p r and p ( . are the respective average densities of 
the planet and the earth, then 


M P = 


4/T Z>3 
— R u P 


p r p 


and 


K= ~ R \ Pe 


,3 


M R- 

Therefore, — = -f- (v p = p e ) 

M„ /?;. 


(ii) 


Using (ii) in (i) we get 

= 2 

v e R e 


(v R„ = 2R e ) 


or v = 2v c . Hence the correct choice is (c). 

22. Statement (a) is wrong. 

23. Statement (d) is wrong. 

24. The orbits of planets are elliptical. The speed of the 
planet and its angular speed (or angular frequency) 
keep changing. Since no net torque acts on the planet, 
its angular momentum remains constant. Hence the 
correct choice is (c). 

25. Since the object in the space capsule is in a state of 
weightlessness (or zero gravity), the reading of the 
spring balance will be zero. Hence the correct choice 
is (d). 

26. The gravitational force acting on the body is 

GmM 


F = 


r 


The work done by the body against the gravitational 
pull of the earth in moving upward through a small 
distance dr is 

JW , FJr ,^L dr 


Therefore, the total work done by the body in 
escaping from the earth, i.e. in moving to an infinite 
distance, is given by 


DO OO 

W= jdW = GmM 


R 


= GmM 


R 


R 

GmM 

-R- 


Hence the correct choice is (a). 

27. Let the rocket be at a distance x from the moon when 
the gravitational force on it is zero. Its distance from 
earth = r - x. Gravitational force on the rocket due to 
earth is 

_ GmM c 

R e / \2 

v - x) 

where m is the mass of the rocket. Gravitational force 
on the rocket due to moon is 

GmM . 


F = 


m 


m 


X 


Since the two forces are in opposite directions, 
the net force on the rocket will be zero if F e = F„. 
Equating the two we get 


nr 


r - x 


M 


M 


e - = n/81 =9 


m 


which gives x = — . Hence the correct choice is (c). 

10 


28. Now 


or 


r 

= 

g 

= 

2 


R 


(R + h)‘ 

,2 


R 


(R + h) 2 

which gives h = ( \I2 - 1) R, which is choice (d). 

29. Acceleration due to gravity at depth d is given by 

199g 


g = g 


1-- =g 

R 1 & 


1 - 


32 

6400 


200 


If m is the mass of the body, its weight on the surface 
of the earth is mg and at the end of the tunnel it is 
mg'. Therefore, decrease in weight is 


mg - mg = m 


g 


199 g 

200 ) 


mg 

200 


mg / 200 

/.Percentage decrease = —^-x 100 = 0.5% 

mg 

Hence the correct choice is (b). 

30. An object of mass w, placed at the equator of the star, 
will experience two forces: (i) an attractive force due 
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to gravity towards the centre of the star and (ii) an 
outward centrifugal force due to the rotation of the 
star. The centrifugal force arises because the object 
is in a rotating (non-inertial) frame; this force is 
equal to the inward centripetal force but opposite in 
direction. Force on object due to gravity is 

GmM 


F z = 


R 


Centrifugal force on the object is 
F c = niRor 

The object will remain stuck to the star and not fly 
off if 

F > F 

g c 

GmM 2 

or --— > niRor 


R 


or 


M > 


rW 


Hence the correct choice is (c). 

31. Gravitational field intensity at a point is defined as 
the gravitational force experienced by a unit mass 
placed at that point. Since the spheres have the same 
mass, the gravitational forces exerted by each sphere 
on a unit mass placed at the mid-point will be equal 
and opposite. Hence the gravitational field intensity 
at the mid-point is zero. Thus the correct choice is 
(a). 

32. Gravitational potential at the mid-point is 

GM GM 4MG 


V = 


r/2 r/2 


Hence the correct choice is (d). 

33. Given AB = EC = AC = a (see Fig. 6.25). The 
perpendiculars from A , B and C on opposite sides 
meet at the centroid O, which bisect the sides AB , 
BC and AC. Let r = AO = BO = CO. Centroid also 
divides the lines AD , BE and CF in the ratio 2:1, i.e. 


A 

9 m 


m 



m 


AO= — AD , BO = - BE , CO = - CF. 

3 3 3 

\f3a 

In triangle ABD, AD = a sin 60° = —— . 

Similarly, BE = CF = ~~~ • 

2 J3a a 

r = AO = OB = OC = — x- = -?= 

3 2 V3 

The gravitational field intensity at point O is the net 
force exerted on a unit mass placed at O due to three 
equal masses m at vertices A, B and C. Since the 
three masses are equal and their distances from O 
are also equal, they exert forces F A , F B and F c of 
equal magnitude. Their directions are shown in the 
figure. It follows from symmetry of forces that their 
resultant at point O is zero. Hence the correct choice 
is (a). 

34. Refer to Fig. 6.25 again. Gravitational potential at O 
is 

Gm Gm Gm 


V = 


3 Gm 


3Gm 


a 


r a/J 3 

Hence the correct choice is (b). 

35. Let m and M be the masses of the earth and the 
sun respectively and v the speed of the earth in 
circular orbit. To keep the earth in circular orbit, 

the gravitational force must balance the 


centripetal force 


mV 


i.e. 


GmM mv 


r 


or 


Also v = 


M— 


2n r 


v 2 r 


T 


G 


Using this, we get M = 


47tV 

t 2 g 


or 


M 


OC 


Hence the correct choice is (c). 

36. On the surface of the earth, the total energy is 

„ ^ ^ 1 2 GmM 

KE + PE = — mv~ — - 

2 R 

where m is the mass of the rocket and M that of earth. 
At the highest point, v = 0 and the energy is entirely 
potential. 
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PE = 


GmM 


(R + h) 

where h is the maximum height attained. From the 
law of conservation of energy, we have 

GmM 


1 2 GmM 

— mv - 

2 R 


(R + h) 


which gives 


R + h 2gR 


h 


v‘ 


f GM \ 
*•* g = 




R 2 ) 


or 


h = 


R 




Hence the correct choice is (a). 

37. If Vj and v f are respectively the initial and final speeds 
of the body, we have, from the law of conservation 
of energy. 


— mv] — 


GmM 

R 


1 2 

= — mv f 
2 1 


(i) 


where m is the mass of the body and M is the mass 
of the earth and R its radius. The escape velocity is 
given by 


1 2 GmM 

- mv e = - 

2 * R 


Using (ii) in (i) gives 


(ii) 


1 2 1 2 1 2 

- » w i~ ~ f ”V e = - mv f 

or v f =(v 2 -zr e ) lt2 (iii) 

Given v t = 3v e . Therefore, Vj = 2^2 v e . Hence the 
correct choice is (d). 

38. Since the initial velocity of the body is zero, its total 
energy is 


E= - 


GmM 


(i) 


r 


where m is the mass of the body, M the mass of the 
earth and r its distance from the centre of the earth. 
When the body reaches the earth, let its velocity be 
v and its distance from the centre of the earth is the 
earth’s radius R. Therefore, the energy now is 


„ 1 2 GmM 

E = - mv 

2 R 


Equating (i) and (ii) we get 

f i n 


(ii) 


ir = 2 GM 


R r) 


GM 


Also g = —. Therefore GM = gR 2 . Using this in 
R 2 

above equation we get 


v = R 


2g 


(i n 


nl/2 


\R r) J 

Now r = 2R (given). Therefore 


v = R 


2 g 


( i n 


nl/2 


= yfgR 


\R 2RJ] 

Hence the correct choice is (a). 

39. Distance of the satellite from the centre of the earth 
r = R + /?. If v is the speed of the satellite in its orbit. 


then 


mV 


r 


1 2 

or — mv = 
2 


or 


KE = 


GmM 

GmM 
2 r 

GmM 


2 (R + h) 
Hence the correct choice is (d) 


40. Potential energy = - 
correct choice is (c). 


GmM 


GmM 
(R + h) 


. Hence the 


41. Total energy of the satellite = KE + PE = 


GmM 


GmM 


GmM 
2(R + h) 


, x , x . Hence the total energy needed 
{R + h) 2 {R + h) 

to pull the satellite out of the earth’s gravitational 
GmM 

field is —-which is choice (d). 

2 {R + h) 

42. If the earth were to shrink to half its size, the height 
of the satellite from the surface of the earth would 

( R\ 

become h -— ]. Its distance from the centre ot the 

l 2 


R R\ 


= (h + R ), the same as 


earth would be h h— + — 

l 2 2 ) 

the original distance. Hence the kinetic, potential and 

total energy of the satellite will be the same. Hence 

the correct choice is (c). 

43. For a geostationary satellite, /? = 35870 km. 

h 35870 .... , , 

= 5.6, which is choice (a) 


R 


6380 


44. Consider a satellite of mass m moving with a speed 
v at an altitude r (measured from the centre of the 
earth). Then 
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Kinetic energy (KE) = — mv 2 


Gravitational potential energy (PE) = 

where M is the mass of the earth. 

For a satellite in circular orbit, we have 


GmM 


or 


i.c. 


nro‘ 


1 2 

— mv = 
2 


KE = 


GmM 

GmM 
2 r 

GmM 
2 r 


2 GM 
or v = - 


Thus the KE of a satellite in a circular orbit is 
numerically half its PE but opposite in sign. The total 
energy of the satellite in orbit is 
E= KE+ PE 


GmM GmM 


2 r 


r 


GmM 
2 r 


It is given that r = 2R + R = 3 R, where R is the radius 
of the earth. 

GmM 


E= - 


6 R 


Now PE on the surface of the earth = - 

Minimum energy required 

GmM ( GmM x 


GmM 

R 


(£min) = 


6 R 
5GmM 


R 


6 R 

Hence the correct choice is (a). 

45. The speeds of stars at separation r are negligible. 
Therefore, their energy is entirely potential at this 
separation (since KE = 0) 


£, = (PE at r) = - 


Gm ] m 2 _ Gm' 
r r 


As the stars approach each other under gravitational 
attraction, they begin to acquire speed and hence 
kinetic energy at the expense of potential energy. 
When they eventually collide, the separation between 
their centres is 


At 


r = R + R = 2R 


r = 2R , the total energy is 

E 2 = PE at ( r = 2 R) + KE at (r = 2R) 

Gm 2 1 2 1 2 

=-+ — mv + — mv 

2R 2 2 


or 


u Gm 2 
Ey = —-+ mv 

2 R 


From the principle of conservation of energy, 
E\=E 2 , i.c. 


Gm‘ 


Gm 1 2 

- + mv~ 

2 R 


which gives v= JGm 


n 

2 R r) 


Hence the correct choice is (b). 

46. The only incorrect statement is (d). A geostationary 
satellite can be put in orbit only at a height of 
35870 km above the earth. 

47. If M is the mass of the earth, the escape velocity is 


2GM 




R 


For a satellite of mass m and orbital radius r (= its 
distance from the centre of the earth), the orbital 
speed v is given by 
.2 


mv 


GmM 


r 


or 


But 


v = 


v = 


'GM 


1 


1 2 GM 


- v e = - 

2 2 


R 


'GM 
2 R 


GM 


r 


'GM 

~2R 


or r = 2 R. Height above earth -2R - R = R. Hence 
the correct choice is (b). 

48. Potential energy of the satellite in its orbit is 

GmM GmM 


Et = - 


2 R 


(v r = 2 R) 


The kinetic energy is zero because the satellite is 
stopped. Potential energy of the satellite on the 
surface of the earth is 

GmM 


e 2 =- 


R 


.*. Loss of PE = £| - E 2 = - 


GmM ( GmM 
2 R ~ l R 
_ GmM 
2 R 

This is converted into kinetic energy. If v is the speed 
with which the satellite hits the surface of the earth, 
then from the law of conservation of energy, we have 
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Initial PH = - 


Final PE = 


G M m 
R + R 
G M m 


G M m 
2 R 

G M m 


R+2R 3 R 

Now, work down = increase in PE 

GMm ( 1 1 ^ CM m 

2~3 


R 


1 


= - mgR 
6 

Hence the correct choice is (b). 

G M m G M m 


6 R 


vg = 


GM \ 
R 2 > 


55. Change in PE = 


/ /7 A 




mgR 


R (n + \)R 

Hence the correct choice is (a). 

56. From the principle of conservation of energy, we 


have 

1 2 G M m 

— mv - - 

2 R 


which gives v = 


G M m 
~~ (R + nR) 

2 n R GM 2 nRg 


(m + 1) R 2 


(n + 1) 

/ GM\ 
# = 

R 2 ^ 


Hence the correct choice is (d). 

57. If h is the maximum height attained, then we have 

G M m 


1 2 GM m 

— mv - 

2 R 


which gives 


v 2 = 


(R + h) 
2 g h R 

(R + *) 


f GM \ 

' R 2 > 


For ball A, we have 


For ball B, we have 


4 gR = 2 gh A R 
3 (R + h A ) 
h A = 4 R 
2gR „ 2gh B R 


3 (/? + /»«) 

hu = — 

B 2 


— = 8, which is choice (c). 

A* 

58. If p is the density of the material of each sphere, then 

. 47T i 

the mass of the sphere of radius r is A/, = —r p and 
the mass of the sphere of radius 2 r is 

M 2 = y (2r) 3 p. 

Distance between their centres is d- r + 2 r = 3r. 


Now F = 


G M, Mj 


Gx 


( 4k 




3 4 ^ 3 

r px ^ (2r) p 


c/ 9r 

which gives F oc r 4 , which is choice (d). 

59. The angular momentum of the planet is constant over 

the entire orbit. Hence mvr = mVR or V = v 
which is choice (b). 

Gm 


A 


\R; 


60. g h = 


(* + *)' 


.. Gm g h 

Alsog= ——. I hus — 


R 


. Given 


R 


g (R + h)‘ 


gh 


90 g 


100 

R 2 


( R + /?)• 


9 /no-tA ^0^ 

— or (/? + /7) = - 

10 3 


Potential energy = - 


GM 
(R + h) 


GMR 


R-(R + h) 


gR 2 _ 3 gR 


(R + h) n/ 10 
Hence the correct choice is (c). 

61. The distance .v of the star of mass m from the centre 
of mass is given by 

m _ 2m 
x (r - x) 

. r . 

which gives x = —. The orbital speed v ] of the star 


of mass m , = m is given by (here m 2 = 2m) 
Gm, m 


ij ffi ~i m 11?| /?7j z 1 1 

^ ^ W3~ 


which gives v x = 


'Gm 


2 _ 


3r 


'2Gm 
3r 


(0 


Time period (T) of m = 


2k x 2 k r 


3 r 


v 


2 GM 


- *-'5S «" 

or T oc r 3 ' 2 , which is choice (b). 

62. The orbital speed v 2 of the star of mass m 2 = 2m is 
given by 

G m, m^ m 2 v\ G m ( 2m) 2m v 2 

--—— = —-—— or - = -— 

r 2 (r-x) r 2 2r/3 


or 


*>2 = 


2 Gm 


3 r 


= [see Eq. (i)] 
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1 ^ 1 7 1 

Now K x = — m x v x = — mv x and K 2 = — m 2 v 2 = 
i (2w) v 2 2 

AT, u 2 1 




2 2^2 
choice is (c). 


= — , since = v 2 . Hence the correct 


63. Angular momentum of w, is L, = m, 17, jc = 


mi?! r 


Angular momentum of m 2 is L 2 = m 2 v 2 (r -x) 


2mv 2 x 2r 


L x 1 

— (since 17, = Z7 2 ), which is choice (c). 

Ei 4 

64. The force of attraction between the complete sphere 
and mass m is 


F ~ 


GmM G m M 


(2 Ri 


4 R 


(i) 


4n \ 

Mass of complete sphere is M = —R p . Mass 


of the cut out portion is m 0 = 


4 n 


R i 

p . Thus, 
2 y 


M 

ni,\ = — . The distance between the centre of the cut 
8 

R 3 R 

out portion and mass m = 2R -= —. 

—- 

Hence the force of attraction between the cut out 
portion and mass m is 

Gm 0 m _ G(M/S)m _ GmM ^ 2 

(3R/2) 2 9R 2 /4 4 R 2 9 


IF 

Using (i), we get/= . therefore, the force of 

attraction between the remaining part of the sphere 


and mass m = F -/= F - 
(a). 


IF IF 


9 


which is choice 


65. Refer to Fig. 6.26. Let p be the mass per unit length 
of the ring. L = 2kR is the length of the ring. Consider 
a small clement of length dx of the ring located at C. 
Then 



R 

...... 3 R 



G 


A 

yl8R 

8 

■—- 

Fig. 6.26 



Force along BC is / = 


G M p dx 

(3 R) 2 


. Therefore, force 


i da ■ ir r a CMfldx \1&R 
along BA is aF = 1 cos d = -;— - 

9 R 2 3 R 

_ V8 GM ndx 
~ 27 R 1 

„ , , V8 GM r , ^ GMm 

Total force =-z- pdx = — 

27 R 1 J 


21 R 1 


because jpdx = p x L = nu the mass of the ring. 
Hence the correct choice is (a). 


66. The distance of each cavity from the centre O is the 
same. Since the two cavities arc symmetrical with 
respect to the centre O and the mass of the sphere 
can be regarded as being concentrated at the centre 
O, the gravitational force due to the sphere is zero at 
the centre. Hence choice (a) is correct. For the same 
reason, the gravitational potential is the same at all 
points of the circle y + z" = 36 whose radius is 6 
units and at all points of the circle y + z“ = 4 whose 
radius is 2 units. Hence choices (c) and (d) are also 
correct. But the gravitational force at point B cannot 
be zero. 

67. Initially when the two masses are at an infinite 
distance from each other, their gravitational potential 
energy is zero. When they are at a distance r from 
each other the gravitational P.E. is 

PE = _ Gm \”h 
r 


The minus sign indicates that there is a decrease in 
RE. This gives rise to an increase in kinetic energy. If 
i>, and v 2 are their respective velocities when they are 
a distance r apart, then, from the law of conservation 
of energy, we have 


and 


r m i v \ 


1 2 

2 n h v 2 


G /??, m 2 
r 

G //?, m 2 
r 


or I?, 


or 



Therefore, their relative velocity of approach is 


17, + 17 2 = 



1 


j2Gm 


2 G ( 

= yJ — O’h+mi) 

Hence the correct choice is (a). 

68. At a finite separation, the total kinetic energy of the 
system of two masses and the force between them are 
both finite. Since the two masses are at rest initially 
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and there is no external force, the centre of mass 
cannot move. Hence the correct choice is (d). 

69. According to Kepler’s law of period, T 2 = kR' where 
k is a constant. Taking logarithm of both sides, we 
have 

2 log T= log k + 3 log R 

Differentiating, we get 

„ ST „ „ SR 

2 — = 0 + 3 — 


T 

dT 


or 


3 5_R 
2 


R 

3 

= — x 

2 


(\.0\R-R 
R 


x 100 


T 2 R 

= 1.5% 

Hence the correct choice is (c). 

70. According to Kepler’s law of period, 

3/2 


T\ 

f Ri] 

3/2 

( ) 

t 2 

K ^2 J 


l *,/2 J 


= ( 2) 3 ' 2 = 2 n /2 


7\ = 


7j 365 days 
2V2 2n/2 


= 129 days. 


71. For a satellite, we have 

__. G m M 

Kinetic energy = - 

2 r 

G m M 


Potential energy= 


r 


G m M G m M 


2 r 


r 


Total energy £ 0 = KE + PE = 

G m M PE 

2r 2~ 

or PE = 2 E 0 . Hence the correct choice is (c). 

72. For elliptical orbit, the earth is at one focus of 
the ellipse. For spherical bodies, the gravitational 
force is central (or radial). Hence statement (a) is 
correct. The gravitational force exerts no torque 
on the satellite. Hence the angular momentum of S 
remains constant in magnitude as well as direction. 
Hence choice (b) is incorrect. For elliptical orbit, 
the distance of the satellite from the earth varies 
periodically. Hence potential energy, kinetic energy 
and linear momentum vary periodically. Hence 
choices (c) and (d) are also incorrect. 

73. The acceleration due to gravity at a height h above 
the surface of the earth is given by 

( R 

gi= S\ 


R + h 


where g, is the value at the surface of the earth. Now 


7\ = 2k J— and T, = 2 n I — 


£2 


£1 


T 2 _ £l _ R + h 


£2 


R 

R + R 
R 


= 2 


(v h = R) 


Hence the correct choice is (d). 

74. Let* be the extension in the spring when it is loaded 
with mass M. The change in gravitational potential 
energy = Mgx. This must be the energy stored in the 

1 

spring which is given by — kx . Thus 

1 2 2 Mg t „ . 

— kx" = Mg x or x = -— , which is choice (b). 

2 k 

75. For a satellite of mass m moving with a velocity v in 
a circular orbit of radius r around the earth of mass 
M, we have 

.2 


mv 


r 


G m M 


or v = 


GM 


Now 


or 


v = 


r 

2k r 


r 


. Thus 


2k r 
T 


GM 


T r 


2 _ 


3/2 


3/2 


(1) 


’1 ) 


Given r 2 = 6400 km and r, = 36000 km. For a 
geostationary satellite T y = 24 h. Using these values 


in (1), we have get T 2 = 24 * 


64 ^ 
360 


3/2 


= 1.8 h. 


Hence the closest choice is (c). 

76. Given m x = xm and m 2 = (1 -x)m. For a separation r 
between them, the force of attraction is 

Gm x m 2 G 

t = --— = — xm( 1 x) m 


r 


r 


Gm 2 

-( X-X ) 


dF 


For a given r, F will be maximum if —— = 0 and 


d 1 F 


dx 


dx‘ 


< 0, i.e. 


d 2 1 

— (x - x~) = 0 or 1 - 2x = 0 or x = — . 
dx 2 


Now 


d-F 


Gm 


(- 2 ) = 


2 Gm 


dx~ r r~ 

negative. Hence the correct choice is (a). 


, which is 
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gK g 

77. gi ,= -r • Given g h =-. Therefore, we have 

(R + h) 2 A 100 

zR 2 __ _j_ 

(R + h) 2 100 

or R + h = 10 R or h = 9 /?, which is choice (b). 


78. Escape velocity v e = 


'2 GM 


R 


. Velocity of projection 


3 _ _ 3 \2GM 

4 Ve 4 V R 

when it is projected is 


. The total energy of the body 


E i = KE + PE 

1 7 GmM 

= — mv - 

2 R 

1 9 2 GM GmM 

= —m x — x- 

2 16 R R 

_ 9 GmM GmM _ 1 GmM 

16 R R “ 16 R 


Let h be the maximum height attained by the body. 
The distance of the body from the centre of the earth 
is r = R + /?. At this height, the total energy of the 
body is 

E f = KE + PE 

_ q GmM _ GmM _ GmM 

~ ~ V~ ~~ (R + h) 

From the principle of conservation of energy, 

E i = E f , i.e. 

7 GmM _ GmM 
16 R ~ (R + h) 


or 7 (R + h) = 1 6R or Ih = 9 R 
which is choice (b). 


or 



9 R 
7 ’ 


79. If the gravitational field is zero at a point at a distance 
x from M ,, then 

GM X _ GM 2 
x 2 (r - x) 2 


x 

or - 

(r-x) 




2 


which gives jc = —. Therefore, r - x = 

r 

gravitational potential atjc= - is 



. The 


GM ] GM 2 
x (r - x) 

Gm G(4m) 
r/3 ~ 2r/3 


9 Gm 
r 


Hence the correct choice is (d). 


80. At the equator, the value of g is 

g = g - R(o 2 


where co is the angular speed of the earth. For bodies 
to appear weightless at the equator, g = 0, i.e. 

g- Rar= 0 


which gives co= 



Hence the correct choice is (a). 


81. Gravitational force is conservative. The work done 
by a conservative force on a particle moving be¬ 
tween two points does not depend on the path taken 
by the particle. Hence the correct choice is (b). 

82. In a binary star system, the two stars move under 
their mutual gravitational force. Therefore, their 
angular velocities and hence their time periods are 
equal. Thus the correct choice is (c). 


2 

SECTION 


Multiple Choice Questions Based on Passage 


Questions 1 to 3 are based on the following passage. 

Passage I 

A satellite of mass m is revolving in a circular orbit of 
radius r around the earth of mass M. The speed of the 
satellite in its orbit is one-fourth the escape velocity from 
the surface of the earth. 


1. The height of the satellite above the surface of the 
earth is (R = radius of earth) 

(a) 2 R (b) 3 R 

(c) 5R (d) 1R 

2. The magnitude of angular momentum of the satellite 
is 
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(a) m y/GMR 
m slGMR 


(c) 


272 


(b) -7 GMR 
2 

(d) 2m 7 GMR 


3. If the total energy of the satellite is E, its potential 
energy is 

(a )-E (b) E 

(c) 2 E (d) - 2 E 


If 


Solutions 


'v"° 


1. v = 


GM 


r 


GM 

(R + h) 


v= Ve. = I 2GM 

4 4 V /e 


(i) 


(2) 


Equations (1) and (2) give h = 7/?, which is choice 
(d) 

GM R=-^=4gMR G:h = lR) 


2. L = = m 


%R 272 
The correct choice is (c). 

3. The correct choice is (c). 


Questions 4 to 6 are based on the following passage. 

Passage II 

Considering the earth as an isolated mass, a force 
is experienced by a body at any distance from it. This 
force is directed towards the centre of the earth and has a 
magnitude mg, where m is the mass of the body and g is the 
acceleration due to gravity. The value of the acceleration 
due to gravity decreases with increase in the height above 
the surface of the earth and with increase in the depth 
below the surface of the earth. Even on the surface of 
the earth, the value of g varies from place to place and 
decreases with decrease in the latitude of the place. 

4. Assuming the earth to be a sphere of uniform 
mass density, which of the graphs shown in 
Fig. 6.27 represents the variation g with distance r 
from the centre of the earth (R = radius of earth) 






Fig. 6.27 

5. Assuming the earth to be a sphere of uniform mass 
density, the weight of a body when it is taken to the 
end of a tunnel 32 km below the surface will (radius 
of earth = 6400 km) 

(a) decrease by 0.5% (b) decrease by 1% 

(c) increase by 0.5% (d) increase by 1% 

6. If a tunnel is dug along a diameter of the earth and a 
body is dropped from one end of the tunnel, 

(a) it will fall and come to rest at the centre of the 
earth where its weight becomes zero. 

(b) it will emerge from the other end of the tunnel. 

(c) it will execute simple harmonic motion about the 
centre of the earth. 

(d) it will accelerate till it reaches the centre and 
decelerate after that eventually coming to rest at 
the other end of the tunnel. 


Solutions 

4. At a height h above the surface of the earth, 

_ go * 2 
8h (R + h) 2 

At a depth d below the surface of the earth 

where g 0 = acceleration due to gravity at the surface 
of the earth. Hence the correct choice is (d). 



5- g = 


1 - C -L 

R 


So 


1- 


32 


6400 


go 


_ 199g 0 


200 


.*. Decrease in weight = mg 0 - mg 


mgo 


t 


1- 


v 


199 A _ 

200 J 200 


Hence the correct choice is (a). 
6. The correct choice is (c). 
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Questions 7 to 9 are based on the following passage. 

Passage III 

The escape velocity on a planet or a satellite is the minimum 
velocity with which a body must be projected from that 
planet so that it escapes the gravitational pull of the planet 
and goes into outer space. We obtain the expression for 
the escape velocity by equating the work required to move 
the body from the surface of the planet to infinity with 
the initial kinetic energy given to the body. The escape 
velocity from a planet of mass M and radius R is given by 

where g is the acceleration due to gravity on the surface of 
the planet and G is the gravitation constant. 

7. The mass of Jupiter is about 319 times that of the 
earth and its radius is about 11 times that of the earth. 
The ratio of the escape velocity on Jupiter to that on 
earth is 

(a) 729 
(C) 729 

8. If/? is the radius of the earth and g the acceleration 
due to gravity on its surface, the escape velocity of a 
body projected from a satellite orbiting the earth at a 
height h = R from the surface of the earth will be 

(a) yfgR (b) sf2gR 

(c) V3g/? (d) 2^R 


(b) 29 

(d) 1 


29 


9. A body is dropped from a height equal to half the 
radius of the earth. If v c is the escape velocity on 
earth and air resistance is neglected, it will strike the 
surface of the earth with a speed 




(c) 


Es_ 

73 


(b) 2s. 
2 

(d) 2« 
3 


Solutions 


7. 


v 


M 


J Hr 
X 


E 


V, 


M v R 


J 



Hence the correct choice is (a). 

8. The escape velocity at a height h is given by 

l>;= yj2g'(R + h) 

where g is the acceleration due to gravity at height /?, 

R 


g'=g 


R + /? 


For h = /?, we get v' e = \[gR , which is choice (a). 

9. The correct choice is (c). Use conservation of energy. 


i.e. 

Total energy at h (= R/2) 

= Total energy when the body strikes the earth 

GmM ] 2 GmM 

=> - ——77 = — niv~ - 

(■R + h) 2 R 


which gives v = v c /\f3 


3 

SECTION 


Assertion-Reason Type Questions 


In the following questions, Statement-1 (Assertion) is 
followed by Statement-2 (Reason). Each question has the 
following four choices out of which only one choice is 
correct. 

(a) Statement-1 is true, Statement-2 is true and 
Statement-2 is the correct explanation for 
Statement-1. 

(b) Statement-1 is true, Statement-2 is true but 
Statcmcnt-2 is not the correct explanation for 
Statement-1. 

(c) Statement-1 is true, Statement-2 is false. 


(d) Statement-1 is false, Statement-2 is true. 

1. Statement-1 

A body is projected up with a velocity equal to half 
the escape velocity from the surface of the earth. If R 
is the radius of the earth and atmospheric resistance 
is neglected, it will attain a height h = R/ 3. 

Statement-2 

The gravitational potential is - GM/R on the surface 
of the earth and it increases with height; M being the 
mass of the earth. 
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2. Statement-1 

The total energy (kinetic + potential) of a satellite 
moving in a circular orbit around the earth is half its 
potential energy. 

Statement-2 

The gravitational force obeys the inverse square law 
of distance. 

3. Statement-1 

Two bodies of masses m, = m and m 2 = 3 m are 
initially at rest at infinite distance apart. They are then 
allowed to move towards each other under mutual 
gravitational attraction. Their relative velocity of 
approach when they are at a separation r is 

v = 

Statement-2 

The gain in the kinetic energy of each body equals 
the loss in its gravitational potential energy. 

4. Statement-1 

An astronaut inside a massive space-ship orbiting 
around the earth will experience a finite but small 
gravitational force. 

Statement-2 

The centripetal force necessary to keep the space¬ 
ship in orbit around the earth is provided by the 
gravitational force between the earth and the space¬ 
ship. 

5. Statement-1 

The escape velocity varies with altitude and latitude 
of the place from where it is projected. 

Statement-2 

The escape velocity depends on the gravitational 
potential at the point of projection. 

6. Statement-1 

A comet orbits the sun in a highly elliptical orbit. 
Its potential energy and kinetic energy both change 
over the orbit but the total energy remains constant 
throughout the orbit. 

Statement-2 

For a comet, only the angular momentum remains 
constant throughout the orbit. 

7. Statement-1 

The acceleration due to gravity decreases due to 
rotation of the earth. 



Statement-2 

A body on the surface of the earth also rotates with it 
in a circular path. A body in a rotating (non-inertial) 
frame experiences an outward centrifugal force 
against the inward force of gravity. 


0 M 


Solutions 




1. The correct choice is (b). Use v e = 


2Gm 


and total 


energy at r (= R + /?) = total initial energy, i.e. - 

GmM 1 7 GmM 

- = — mv - 

r 2 R 

2. The correct choice is (a). The centripetal force needed 
for circular motion is provided by the gravitational 
force. Since the gravitational force obeys the inverse 
square law of distance, the orbital velocity of the 
satellite is given by 

\gm 


where M= mass of earth and r = orbital radius. 
Therefore 

_ _. . 1 GmM 

Kinetic energy = — mv = - 

2 2 r 

where m = mass of the satellite. From the inverse 
square law of distance, we find that the potential of 
the satellite is given by 

. . GmM 

Potential energy =- 


.*. Total energy E = K.E. + P.E. 


GmM 


\ - 


GmM 


GmM P.E. 


3. The correct choice is (d). Initially when the two 
masses are at an distance from each other, their 
gravitational potential energy is zero. When they arc 
at a distance r from each other the gravitational P.E. 



The minus sign indicates that there is a decrease in 
P.E. This gives rise to an increase in kinetic energy. 
If v x and v 2 are their respective velocities when 
they are at a distance r apart, then, from the law of 
conservation of energy, we have 
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1 


Gmpth 


-"W = 

2 r 


or Vx = 


'2Gm 


r 


2 Gm t 


1 2 Gm ] m 2 I 

and —m x v 2 =- ! —- or v 2 = y 

Therefore, their relative velocity of approach is 


v = i>, + = 


'2G/77' 


+ 


f 2G/w, 


r 


2G 


r 


(m 2 + w,) 


Putting m x = m and /t? 2 = 3/77, we get i? = 2 


2G/77 


7' 


4. The correct choice is (b). Because the centripetal 
force equals the gravitational force exerted by the 
earth on the space-ship, the astronaut docs not 
experience any gravitational force of the earth. The 
only force of gravity that an astronaut in an orbiting 
space-ship experiences is that which is due to the 
gravitational force exerted by the space-ship. Since 
the space-ship is very massive, this force is finite but 
very small. 

5. The correct choice is (a). The gravitational potential 
at a point varies with the altitude and latitude of the 
place. 

6. The correct choice is (c). 

7. The correct choice is (a). 


Previous Years' Questions from AIEEE, IIT-JEE, 
JEE (Main) and JEE (Advanced) 

SECTION (with Complete Solutions) 


4 


1. If suddenly the gravitational force of attraction 
between the earth and a satellite revolving around it 
becomes zero, then the satellite will 


(a) continue to move in the original orbit with the 
same velocity 

(b) move tangentially to the original orbit with the 
same velocity 

(c) become stationary it its orbit 

(d) move towards the earth |2002| 


2. The energy required to move a body of mass m from 
an orbit of radius 2 R to an orbit of radius 3 R is. 
GmM „ x GmM 


(a) 


(c) 


12 R 
GmM 
8 R 


(b) 


(d) 


3 R 

GmM 
6 R 


120021 


3. The escape velocity of a body depends on its mass m 
as 

(a) 777° (b) 777 1 

(c) 777 2 (d) 777 3 12002] 


4. 


5. 


The kinetic energy needed to project a body of mass 

m from the earth’s surface (radius R) to infinity is 
mgR 


(a) 

i 

(c) mgR 


(b) 2 mgR 

(d) TM* 


[ 2002 ] 


An ideal spring with spring-constant k is hung from 
the ceiling and a block of Mass M is attached to 
its lower end. The mass is released with the spring 


initially unstretched. Then the maximum extension 
of spring is. 

(a) 4 Mg/K (b) 2 Mg/K 

(c) Mg/K (d) Mg/2 K 120021 

6. A geo-stationary satellite orbits around the earth in 
a circular orbit of radius 36000 km. Then, the time 
period of a spy satellite orbiting a few hundred 
kilometeres above the earth’s surface (R Earth = 6400 
km) will be approximately be 

(a) — h (b) 1 h 

2 

(c) 2 h (d) 4 h [20021 

7. The time period of a satellite of earth is 5 h. If the 
separation between the earth and the satellite is 
increased to 4 times the previous value, the new 
period will be 

(a) 10 h (b) 80 h 

(c) 40 h (d) 20 h [2003] 

8. Two spherical bodies of mass M and 5 M and radii R 
and 2 R respectively are released in free space with 
initial separation between their centres equal to 12 R. 
If they attract each other due to gravitational force 
only, then the distance covered by the smaller body 
just before collision is 

(a) 2.5 R (b) 4.5 R 

(c) 7.5 R (d) 1.5 R |2003] 

9. The escape velocity of a body projected vertically 
upwards from the surface of the earth is 11 km s '.If 
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20. The height at which acceleration due to gravity 
becomes g/9 (where g = the acceleration due to 
gravity on the surface of the earth) in terms or R , the 
radius of the earth is 

(a) — (b) 72 R 

2 

(c) 2 R (d) 4= 12009] 

72 


21 . 


A spherically symmetric gravitational system of 


[ p 0 for r < R 

particles has a mass density p = 4 „ where 

p J [ 0 for r > R 

p () is a constant. A test mass can undergo circular 

motion under the influence of the gravitational 

field of particles. Its speed v as a function of 

distance r (0 < r < °°) from the centre of the system 

is represented by 



12009] 


22. A thin uniform annular disc (see the figure) of mass 
M has outer radius 4 R and inner radius 3 R. The 
work required to take a unit mass from point P on its 
axis to infinity is 



| 2010 | 


23. 


Two bodies of masses m and 4 m are placed at a 
distance r. The gravitational potential at a point on 
the line joining them where the gravitational field is 
zero is 


(a) zero 



4 Gm 
r 



9Gm 

(d) - [2011] 

r 


24. The mass of a spaceship is 1000 kg. It is to be 
launched from the earth’s surface out into free space. 
The value of ‘g’ and 7T (radius of earth) are 10 m/s" 
and 6400 km respectively. The required energy for 
this work will be 

(a) 6.4 x lo" Joules (b) 6.4 x l() 8 Joules 

(c) 6.4 x 10 9 Joules (d) 6.4 x 10 10 Joules 

[ 2012 ] 


25. What is the minimum energy required to launch a 
satellite of mass m from the surface of a planet of 
mass M and radius R in a circular orbit at an altitude 
of2 R. 

2GmM x GmM 


(a) 


(c) 


3 R 
GmM 
~$R 


(b) 


(d) 


2 R 

5 GmM 
6 R 


[20131 


1 


26. A planet of radius R = — x (radius of Earth) has the 

10 

same mass density as Earth. Scientists dig a well of 

p 

depth — on it and lower a wire of the same length and 

of linear mass density 10 3 kgm 1 into it. If the wire 
is not touching anywhere, the force applied at the top 
of the wire by a person holding it in place is (take the 
radius of Earth = 6 x 10 6 m and the acceleration due 


to gravity of Earth is 10 ms ) 


(a) 96 N 
(c) 120 N 


(b) 108 N 
(d) 150 N 


[2014] 


r/-\ 

'V"° 

Answers 

i. (b) 

2. (a) 

5. (b) 

6. (c) 

9. (c) 

10. (d) 

13. (a) 

14. (c) 

17. (a) 

18. (c) 

21. (c) 

22. (a) 

25. (d) 

26. (b) 


3- (a) 

4. (c) 

7. (c) 

8. (c) 

11- (a) 

12. (b) 

15. (c) 

16. (c) 

19. (d) 

20. (c) 

23. (d) 

24. (d) 
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Solutions 


1. If the gravitational force becomes zero, then there 
will be no force to provide the necessary centripetal 
force for the circular motion. Hence the satellite 
move along the tangent to a point in the orbit when 
the gravitational force vanishes. 

2. Total energy of the body orbiting the earth is 

GmM 


E = 


2 r 


where m = mass of body, M = mass of earth and r = 
radius of the orbit 

GmM 


At r = 2/?, E x = 


At r = 3/?, 


£2 = 


4 r 
GmM 
6 r 


.*. Energy required is 

GmM ( GmM \ 


E = E 2 - E x = - 


6 R 


4 R ) 


GmM 
12 R 


So, the correct choice is (a) 

3. Escape velocity v c = yl^gR which is independent of 
the mass of the body. So the correct choice is (a) 

4. The minimum kinetic energy required is 

K. E = — mv\ 

2 

where v e is the escape velocity, Now v c = yj2gR . 


I lence 


K. E = - m x 2 gR = mgR 
2 


5. Let x be the extension in the spring when it is 
loaded with mass M. The change in gravitational 
potential energy = Mgx. This must be the energy 

1 2 

stored in the spring which is given by — kx . Thus 

1,2 2 Mg 2 

— kx = Mgx or x = —— 

2 k 

6. T r 3 2 . Therefore, 


T> 


( .. a 3/2 


v'l J 


(1) 


Given r 2 = 6400 km and r, = 36000 km. For a 
geostationary satellite T x = 24 h. Using these values 


in (1), we have get T 2 = 24 x 


64 

360 


3/2 


= 1.8. h. 


7. According to Kepler’s law of periods T~ oc r 3 . 
Therefore 

t'2 


f r* 


V'l J 


= (4) 3 = 64 


.*. T 2 = T l ^ = 8 r, = 8 X 5 h = 40 h 

8. Suppose the two bodies collide at O. If the smaller 
body m , = M moves a distance jc, to reach (9, then the 
bigger body moves a distance x 2 = (9 R-x x ) to reach 
O. 


ni\= M 



m 2 = 5M 


Since no net external force acts, the acceleration of 
the centre of mass the system is zero, i.e. a CM = 0. 
Now 

m ] a ] +m 2 a 2 


a CM 


m j + m 2 

Putting a CM = 0, m { = M , and m 2 = 5 M we get 


Ma , + 5 Ma 2 = 0 


a x = -5 a 2 


The negative sign shows that the two bodies move in 
opposite directions. If t is the time after which they 
collide, 


X\ = —Q\t 


2 


and 


\_ 

2 


x 2=~ a lt 


Dividing we get 

_ a \ _l 5q 2l_g 


*1“ 


a - 


a- 


or x x = 5 x (9 R -Xj) 


Xi = 5x 2 


x, = 7.5 R 


9. The escape velocity is independent of the angle of 
projection. Hence it will remain equal to km s '. 

10. Radius of circular orbit is r = R + x. If v is the orbital 
speed, then 

centripetal force = gravitational force 


or 


mv z GmM 


r 


v = 


GM 


g R 


■ 

* 

V 


GM 


(r — 




2 ) 


r v(/? + x) 

Notice that choices (a), (b) and (c) do not give the 
dimensions of speed. 

11. The time period of the satellite is given by 
T= 2k. 


GM 


where r = radius of orbit and M= mass of earth. Thus 
the time period is independent of the mass of the 
satellite. 
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12. Gain in P.E. = - 


GmM 
(R + h) 


GmM \ 
R J 


GmM GmM 
+ - 


2 R 


R 


GmM 1 

-= —mgR 

2 R 2 


(v h = R) 
GM \ 


g = 


R 2 ) 


13. The necessary centripetal force for the circular 
motion of the planet around the sun is provided by 
the gravitational force exerted by the sun, i.e. 


mv 2 GmM 


R 


R" 


v = 


Gm 


1/2 


R 


(w-l) 


where M= Mass of sun and m = mass of planet. Now 
the time period is 


2 nR . _ xl/2 


T = 

1 v 
(w+t) 

TocR 2 


= 2 7i R x 


^ GM ) 


2k 


Vg 


X 


m 


(/;+!) 


nl/2 


R 2 


14. p = — => M = pV = px — R' 
V 3 


Now 


15 - Zh = g 


1- 


V 

f 


gd = £ 

Given g-g h = g-g d 



GM 

G 4 n 3 

g = 


, x R p = 

R 2 

R^ 3 



. Hence p ©c g 

p - 

4 kGR 

2h\ 


2 hg 



g g fl ~ ry 

r ) 


R 

d\ 


gd 

7 

=> 

S ~ 8d= R 


4 K 


=» d = 2h 

R R 

-2 


16. Mass of particle m = 10 g = 10 “ kg, mass of sphere 
M= 100 kg and radius of sphere R = 10 cm = 0.1 m. 
The work needed to take the particle from r = R to 
r = oc is given by 

oo oo 

W = J ^ = J Fdrcos 1 80 ^.. p 0 rce and 

R R 

displacement are in opposite directions.) 


= - J Fdr = - J 


GmM 


dr 


R 


R 


= -GmM j r 2 dr 


R 


GmM 6.67 x 10~‘ 1 x 10" 2 x 100 


R 


0.1 


= 6.67 x 10“ 10 J 


1 7. The charge of an electron is the same anywhere in 
the universe. Hence the correct choice is (a). 

18. Statement-2 is Gauss’s theorem in gravitation. 
Gauss’s theorem holds for any fields which obeys 
1/r dependence. Just as electric field intensity due 
to a charge Q at a distance r from it is given by 

Q 


E = 


4 ne 0 r 2 


The gravitational field intensity due to a mass M at 
at a distance r from it is given by 

GM 


/ = 


r 


The mass M plays the same role in gravitation as 
charge O does in electrostatics. Further constant G is 
analogous to constant 1/4 ke 0 . From Gauss’s theorem 
in electrostatics, electric flus through a closed surface 
is given by 

fc o 

where O is the charge enclosed in the surface. 

Replaced O by M, and e 0 by 1/4 kG, the gravitational 
flux through a closed surface will be 

M 

(p s = - -4kGM 

g 1/4 kG 

where M is the mass enclosed in the surface. Hence 
statements 1 and 2 are true and Statement 2 is the 
correct explanation for Statement-1. So the correct 
choice is (c). 


19. v e = 


} GM C 

K 


GM 


and v p = 


R 


y p = y e = 


1m p R. 
— X — 


M„ R 


20. g h = g 


R 


= (11 km s l ) x VlOx 10 
= 110 km s 1 


R + h 
g 


R 


9 

]_ 

3 


= g 


R + h 


R 


R + h 


h — 2R 


21. If M is the total mass of the system of particles, the 
orbital speed of the test mass is 


v = 


GM 
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\GM x — ;- 3 p 0 . 

For r < R y v = J _3_ which gives v r. 


i.e. v increases linearly with r up to r = R. Hence 
choices (b) and (d) are wrong. 

For r > /?, the whole mass of the system is 
47T } 

M = —R p 0 , which is constant. Hence for r > R. 


v = 


f GM 


1 


i.e. v ^ —j= . Hence the correct choice is (c). 
vr 

22. By definition, the work, required to take a unit mass 
from P to infinity = -V /r where V p is the gravitational 
potential at P due to the disc. To find V , we divide 
the disc into small elements, each of thickness dr. 
Consider one such element at a distance r from the 
centre of the disc, as shown in the figure. 



Mass of the element, dm = 


M (2 nr dr) 


n(4R) 2 - tt(3 R) 2 


or 


dm = 


2 Mr dr 


1R 


Y Gdm 

v p= J 

3 R 


Vr 2 + 16r 2 


2 MG 


1R 

a - ji 


4 R 

J 

3 R 


rdr 


2x1/2 


(r +16r ) 


Putting r~ + 16 R = x ~, we get 2 rdr = 2x dx or 
rdr = x dx. 

When r = 3 R,x= yj9R 2 +16 R 2 = 5 R 


Wbenr = 4R,x= Vl6fl 2 + I6fi 2 = 4 */ 2 ft 
IMG'I’ . IMG r 


• y = 

. . Y p 


1R 


J dx = 


Hence —V p = 


5 R 

2 GM 
1R 


2 MG 
1R 2 


( 4 V 2 -5), which is choice (a). 


23. Let P be the point where the gravitational field is 
zero. 


m 


4 m 




(r-x) 


Then 


Gm G(4m) 


x 2 (r-^) 2 


1 


.v 2 (r - x) 2 


1 


r 

x - — 
3 


x r-x 

Gravitational potential at P is 
V=V^V 2 

Gm G(4m) 


x (r - x) 

Gm 4Gm 9Gm 


r/3 2r/3 


24. £ = () 

Gm M 


( GmM \ 




R ) 


( GM \ 

l vg= ^J 


R 

= mgr 

= 1000 x 10 X 6400 x 10 3 
= 6.4 x 10 10 J 

25. The speed of the satellite in its circular orbit of radius 


r is 


v = 


Gm 


Gm 


Gm 


(*.* h = 2R) 


r \ R + h V 3 R 
Total energy of the satellite in its circular orbit is 
£, = K.E + P.E 

1 -> GmM 

- —mV - 

2 r 

1 GM GmM GmM 

— — m x-=- 

2 3 R 3 R 6 R 

Total energy when the satellite was on the launching 
pad is 

E 2 = K.E + P.E 


= 0 - 


GmM GmM 


R R 

.*. Minimum energy required is 
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GmM (—GmM \ 5 GmM 


^min ' E\ E 2 


26. At a depth r below the surface of a planet, 

4 nGpr 
8r 3 

If F is the force needed to keep the wire at rest, then 
F = weight of the wire = mg 


F- J (Xdr) ^ 

V 3 


4 nGpr 


7 R 

4nGpr r 
= 3 2 4 R 

5 


- 4nGpr 9 R 2 
=> F = -1— x- 

3 50 



On the surface of the earth, 

GM l , g e Rl 

IF 

M e 

Also P= 4 ^— 

— R. 


Given R = — 

10 

Using (2), (3) and (4) in (1), we get 

r . 9 gt R t k 
5 x I0 3 

9 x 10 x (6 x 10 6 ) x 10 -3 

: - - -— 108 N 

5 x 10 +3 


( 2 ) 

(3) 

(4) 
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SOLIDS AND FLUIDS 


Chapter 



REVIEW OF BASIC CONCEPTS 



PART 

(A) 


3. Density and Relative Density 

The density of a substance is defined as the mass per unit 
volume of the substance. The SI unit of density is kilogram 
per cubic metre (kg m 3 ). 

1 g cm' 3 = 1000 kg m" 3 


Fluids 

1. Fluid Pressure 

Pressure is defined as the force exerted normally on a unit 
area of the surface of a fluid and is given by 



A 


In the SI system, the unit of pressure is newton per 
square metre (Nm “) which is also called Pascal (Pa). 
Thus 

1 Pa = I Nm" 2 

2. Pascal's Law 

Blaise Pascal (1623-1662), a French scientist, discovered 
a principle which tells us how force (or pressure) can be 
transmitted in a fluid. Pascal's law states that pressure in a 
fluid in equilibrium is the same eveywhere (if the effect of 
gravity can be neglected). 

The pressure difference between two points in a fluid 
is either zero (if they are at the same horizontal level) or 
is a definite quantity depending on their height difference. 
So if the pressure at some point in a fluid is changed, there 
will be an equal change in pressure at any other point. Thus 
fluids, especially liquids (because they arc incompressible) 
are ideal for transmitting pressure. This fact is used in 
hydraulic machines, such as hydraulic press, hydraulic 
brakes, hydraulic jacks, etc. 


The relative density of a substance is the ratio of its 
density to that of water, i.c. 

_ . . . . density of the substance 

Relative density = - : - 

density of water 

Being a ratio of two similar quantities, relative density 
is just a number; it has no units. 

4. Atmospheric Pressure 

Like all gases, air also has weight and hence exerts 
pressure. Just as water pressure is caused by the weight of 
water, the weight of all the air above the earth causes an 
atmospheric pressure. The atmosphere exerts this pressure 
not only on the earth’s surface, but also on the surface of 
all objects on the earth including living beings. 

The atmospheric pressure at sea level is 

P 0 = 1.01 x 10 5 Pa 

5. Hydrostatic Pressure 

Pressure exists everywhere within a fluid. The hydrostatic 
pressure at a depth /? below the surface of a fluid is given by 

P =h pg 

where p is the density of the fluid and g, the acceleration 
due to gravity. The pressure is the same at all points at the 
same horizontal level. The pressure at any point in a fluid 
contained in a vessel is independent of the shape or size 
of the vessel. 
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6. Gauge Pressure 

The pressure at any point in a fluid is equal to the sum of 
the atmospheric pressure P 0 acting on its surface and the 
hydrostatic pressure hpg due to the weight of the fluid 
above that point which is at a depth h below the surface 
of the fluid. This is called the gauge pressure which is 
given by 

P =P Q + hpg 

Since liquids are incompressible, the density of a liquid 
is constant throughout the liquid. 

0 EXAMPLE 1 A large tank with a square base of 
side 1.0 m is divided into two compartments by a vertical 
partition in the middle as shown in Fig. 7.1. There is a 
small hinged door of size 2.0 cm x 2.5 cm at the bottom 
of partition. Water is filled in one compartment and oil of 
relative density 1.5 in the other both to the same height 
h = 2.0 m. Find the force necessary to keep the door closed. 


h 


Door 

Fig. 7.1 

0 SOLUTION Density of water (p,) = 1000 kg m \ 
density of oil (p 2 ) = 1500 kgm 3 and area of the door (A) 
= 2.0 x 2.5 = 5 cm 2 = 5 x 10~ 4 m 2 . 

Lateral pressure by water on the face of the door is 

P\ =hp\g 

Total pressure P, = P 0 + hp x g 

(P 0 = atmospheric pressure) 

Total pressure on the door due to oil is 

P 2 = P 0 + hp 2 g 

.*. Net pressure difference = P 2 - P , = (p 2 - pi) hg 
Net force = (P 2 - P\) A = (p 2 - p\) hgA 

= (1500 - 1000) x 2.0 x 9.8 x 5 x 10 4 



= 4.9 N 

0 EXAMPLE 2 A horizontal tube OP of length L and 
of uniform cross-sectional area A is open at end O and has 
a small hole at the other end P. The tube is filled with a 


liquid of density p and then rotated about the axis passing 
through O with an angular velocity a). Find the pressure 
exerted by the liquid at end P at the instant when length 
L !2 of the liquid is left in the tube. 

Q SOLUTION Consider a small element of the liq¬ 
uid of length dr at a distance r from O (Fig. 7.2). Mass of 
element is m = Apdr. 


(O 


1 

1 


P 

°(D 


.; ;-Hole 

i 

1 

!-*- r — 

i 




Fig. 7.2 


Outwards force (centrifugal force) acting on the element is 

dF = mr(D = A pco~ rdr 
Integrating from r = Li 2 to r = L , we have 


F = A p co 2 | rd r— A p 


co 


LSI 


r‘ 


Li 2 


= - Apco 2 L 2 
8 


Pressure at P = 


F 3 2f2 

— = - pco L 
A 8 r 


EXAMPLE 3 A U-tube contains mercury in both 
sides of its arms. A glycerine column of length 10 cm is 
introduced in one of the arms. Oil is poured in the other 
arm until the upper surfaces of oil and glycerine are at the 
same horizontal level. Find the length of the oil column. 
Given density of glycerine = 1300 kgm 3 , density of oil = 
800 kg m~ 3 , density of mercury = 13600 kg mf 3 . 

iQ SOLUTION Since glycerine is denser than oil, the 
level of mercury in the left arm will be higher than that in 
the right arm (Fig. 7.3). 

Pressure at A = P 0 + h 0 p 0 g + h m p m g (i) 


Oil 



Glycerine 


Mercury 


Fig. 7.3 


Pressure at B = P 0 + h^p^g (ii) 

Since pressure at the same horizontal level is the same 
(Pascal’s law), equating (i) and (ii) we get 
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hPo + h n, P„r h e P s 

h 0p0 + ( h g ~ h o) Pm = h gPg 

h 0 x 800 + ( 0.1- /7 0 ) x 13600 

= 0.1x1300( v h g = 10 cm = 0.1 m) 

h {) = 0.096 m = 9.6 cm 

(Q EXAMPLE 4 A cylindrical vessel is filled to a 
height h by a liquid of density p. A tight-fitting friction¬ 
less piston of mass m is placed on the liquid as shown in 
Fig. 7.4. If P 0 is the atmospheric pressure and a the cross- 
sectional area of the piston, the pressure P of the liquid just 
below the piston is 

mg 

(a) P o (b) 0_ T 

(0 (d) p.-*pg + ^ 

a a 



Po 



^J SOLUTION The forces acting on the piston arc 

(i) force P {) a due to atmospheric pressure acting 
downwards 

(ii) weight mg of the piston acting downwards 

(iii) force Pa due to liquid below the piston. 

Since the piston is in equilibrium, 

Pa = P 0 a + mg 





mg_ 

a 


7. Pressure Difference in an Accelerated Liquid 

Consider a liquid of density p in a container. If the 
container is given an acceleration a , say, to the right, the 
liquid miniscus will no longer remain horizontal, it will be 
inclined at an angle 0 as shown in Fig. 7.5. 



Consider a small element (shown shaded) of length L 
of the liquid. Let A A be the cross-sectional area of the 
element. The mass of the element is m = pLAA. When an 
acceleration a is given as shown, the equation motion of 
the element is 

P X AA- P 2 AA = ma = ( pLAA ) a 
where P, and P 2 are the pressures at the ends of the element. 
Thus P\ ~ P 2 = pLa (i) 

=> ( h\-h 2 )p=pLa 

La 


h\-h 2 = 


g 


It follows from (i) that P ] > P 2 . 


„ ht- fh a 
tan Q = —-- = 


EXAMPLE 5 A liquid is contained in a rectangular 
vessel fastened on a cart. A constant force is applied to the 
cart. As a result, the level becomes inclined at an angle of 
30° with the horizontal. What acceleration is produced by 
the force? 


SOLUTION 


a 


tan 6= — 
g 


a 


tan 30° = - 
g 


9.8 

a = 9.8 x tan 30°= ^ 

v3 


-2 


= 5.66 ms 

EXAMPLE 6 A uniform U-tube containing a liquid 
of density p is moved with a horizontal acceleration a as 
shown in Fig. 7.6(a). The length of liquid column PQ is 
L. The difference (h x - h 2 ) in the liquid columns will be 


Lg 


equal to 

La 


(a) 

g 

(b) 

(c) 

lE 

(d) 


\g 



a 
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Fig. 7.6(a) 

SOLUTION l xi A be the cross-sectional area of 
the U - tube. Figure 7.6(b) shows the forces acting on 
column PQ 



p F = ma —> O 

- l -► 


Fig. 7.6(b) 


Mass of liquid in PQ is m = pLA. Force on liquid in PQ 
due to acceleration is F = ma = ( pLA)a . 

Force at P due to column h } is E\ = P X A = pgh x A 

Force at Q due to column h 2 is F 2 = P 2 A = pgh 2 A 
The equation of motion is 


pg h\A - pg h 2 A = ( pLA) a 



La 

g 


8. Archimedes' Principle 

Archimedes’ principle states as follows: 

‘ When a solid body is wholly or partly immersed in a 
fluid, it experiences an upward thrust or buoyant force 
equal to the weight of the fluid displaced b v it. ' The word 
‘fluid’ includes both liquids and gases. The principle is a 
general one and holds for solids of any shape and for all 
fluids. 

Law of Floatation The necessary condition for a body 
to float in a fluid is that the weight of the fluid displaced 
by it must be equal to the weight of the body. This is the 
law of floatation. 

9. Applications 

1. Buoyant force = weight of the liquid displaced by the 
immersed portion of the body = Vpg where V is the 
volume immersed, p is the density of the liquid. 


Case (a). If the density (cr ) of the body is less than 
that of the liquid (a < p). Then the body will float 
with volume V 0 outside liquid and V { inside liquid 
such that 

y.pg = Vo g 

=» H - * and H - £z£l 

v P V a 

Case (b). If <7 = p, the body will float completely 
immersed, i.e. V 0 = 0. 

Case (c). If a> p, the body will sink to the bottom. 

2. Tension T in the string tied to a body immersed in a 
liquid (O’ > p). 

Case (a) The system is at rest (Fig. 7.7). 


17- 



Fig. 7.7 

T = V G g - Vpg = V(a - p) g 

Case (b) When the system is accelerating, then 

r = v{o-p) g f 

(i) If the system moves up with acceleration a , 

g =g + a and V = V(a - p) (g + a) 

(ii) If the system moves down with acceleration 

a (< g) 

g = g - a and T'= V(o -p)(g-a) 

(iii) If the system falls freely, a = g and T' = 0 

3. g< p and the body is kept immersed in a liquid by 
a string fixed at the bottom of the beaker (Fig. 7.8). 



— — - 


1 1 111M ' 1 rpMI 1 

... 

i'll, ii li.il 


Fig. 7.8 

(i) If the system is at rest, 

T=V(p-a)g 

(ii) If the system moves up with acceleration a , 

T' = V(p-cr)g' where g = ( g + a) 

(iii) If the system moves down with acceleration 
a(<g) 
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T' = V{p-a)g' where g' = (g - a) 
(iv) If the system falls freely, T r = 0 

4. A toy boat carrying an object is floating in water in a 
beaker. The object is dropcd into water. 

(1) If the object is made of wood (of density less than 
that of water), it will float and the level of water 
in the beaker remains unchanged. 

(2) If object is denser than water, it will sink and the 
water level will fall. 

5. A piece of ice is floating in a liquid. If the ice melts, 
the level of water 

(a) remains unchanged if the liquid is water, 

(b) rises if the relative density if the liquid is greater 
than 1, 

(c) falls if the relative density of the liquid is less 
than 1. 

6. A piece of ice with an object embedded in it is 
floating in water. If all the ice melts, the water level. 

(a) falls if the object sinks in water 

(b) remains unchanged if the object floats in water. 

7. An object of density p and volume V floats at the 
interface of two liquids I and 2 of densities p , and 
p 2 with volume V } in liquid 1 and V 2 in liquid 2 (Fig. 
7.9) Then, for equilibrium (p x <P<P2) 



Liquid 1 


Liquid 2 



Fig. 7.10(a) 


(a) is at rest 

_ 

(b) moves up with an acceleration of 2 ms 

(c) moves down with an acceleration of 2 ms 2 . 
Take g = 10 ms~ 2 . 



SOLUTION 


Density of water (p) = 1000 kg m 

Density of block (a) = 7000 kg m 3 

Volume of block (V) = 5 cm x 5 cm x 5 cm = 125 cm 3 = 
1.25 x 10 4 m 3 

Weight of block W = mg = oVg 

Upthrust U = weight of water displaced = pVg 


Figure 7.10(b) shows the free body diagrams. 


< T 

u 


r 

w 

a 

nt 


* T" 


A U" 


Y 

a 


t 

t 

t 

w 

W' 

W* 

(a) 

(b) 

(c) 


Fig. 7.9 


Weight of body = buoyant force 


i.e. Vpg= V { p t g+ V 2 p 2 g 

(') 

Also V, + V 2 = V 

00 

Eqs (i) and (ii) give 



V(Pi-P) v = ^(p-p.) 

(P 2 -Pl)’ 2 (P2-P1) 


V_2. = 

(P2-P) 


(Q EXAMPLE 7 A cubical metal block of edge 5 cm 
is suspended from a support by a massless string and 
immersed in water in a beaker as shown in Fig. 7.10(a). 
The relative density of metal is 7. Find the tension in the 
string when the whole system 


Fig. 7.10(b) 

(a) From Fig. 7.9(a) 

T+ U = W 

=> T =W-U=aVg - pVg 
= (o-p) Vg 

= (7000-1000) x (1.25 x 10 4 ) x 10 
= 7.5 N 

(b) In this caseg efT = g + a [ Fig. 7.9(b)] 

... r = w'-u' = g v geff - pv geff 

= (a -p) V(g + a) 

= (7000- 100) x (1.25 x 10 4 )x(10 + 2) 
= 9.0 N 
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(c) In this caseg eff = g-tf [Fig. 7.9(c)] 

... T"=(o-p) V(g-a) 

= (7000 - 1000) x (1.25 x 10^*) x (10-2) 


= 6.0 N 


iQ EXAMPLE 8 A solid block of density p, is held 
inside a liquid of density p 2 (with p, < p 2 ) by means of a 
string fixed to the bottom of the beaker as shown in Fig. 
7.11(a). The system is placed at the floor of a lift. If the 
lift is at rest, the tension in the string is T. The tension in 
the string when the lift moves upwards with an accelera¬ 
tion a will be 


(a) T 



a 



f, + £] 



(C) T 

(d) T 


l g) 


k g) 



SOLUTION Let Fbe the volume of the block. Its 
mass is m = p, V and its weight = mg = p, Vg. 

Buoyant force on the block is 

U= weight of liquid displaced 


= P 2 Vg 

Figure 7.11(b) shows the free body diagrams of the block. 
When the lift is at rest, 

U = T + mg 


Pi Vg = T+ P i Vg 


T= (P 2 -P 1 ) v g 


U 



U' 



r\ 



Fig. 7.11(b) 


Let T' be the tension in the string when the lift moves up 
with acceleration a, then g eff = g + a. Therefore, in this case 

r= U'-mg cff 

= Pi Vgcff — Pi Vg c ff 

= (Pi - Pi)Vg C ff 

T 

= ~g c rr [using Eq. ( 1 )] 

g 

T ( a\ 

= ~(g + a)=T 1 + - 

g V g) 


Q) EXAMPLE 9 A uniform cylinder of density a and 
length L floats vertically completely immersed in two 
liquids with length L, immersed in a liquid of density p, 
and the remaining length L ? immersed in the other liquid 


of density p 2 as shown in Fig. 7.12. The ratio — will be 

L 2 

(p, > p 2 ) equal to 


O — P-) 

(a) -^ 

(b) 

a-Pi 


(o 

(d) 

Pi -0 



<T-P 1 
p 2 -o 
a 


Pi Pi 



Fig. 7.12 


(Q SOLUTION Mass of the body is m = gAL, where 
A is the cross-sectional area of the cylinder. Weight of 
cylinder is W= mg = oALg. 

Weight of volume of liquid of density p, displaced by the 
length I, is 


w \ = P\AL\g 


Weight of volume of liquid of density p 2 displaced by 
length L 2 is 

W 2 = p 2 A L 2 g 

According to the law of floatation, the weight of the 
cylinder must be equal to the total weight of the liquids 
displaced, i.c. 

fV= W l + W 2 

or a ALg= p { A L x g + p 2 AL 2 g 
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OL = 


Now 


From (ii), 


L\ + L 2 


Zo = 


G L = 


L,= 


Pi^i + P2 ^2 
L 

L - L { . Using this in Eq. (i), 
Pi^i + P2 _ ^i) 


' a_-p£ 

\P\~ Pi; 


(') 

(ii) 


Similarly, using L, - L - L 2 in Eq. (i), we get 


z . 2 = 


f Pi - <* ' 


P\~ Pi) 


L 


I± = 

L 2 Pi - a 

EXAMPLE 10 A solid sphere of diameter D and 
density cr has a spherical cavity of diameter d inside it. If 
it just floats completely immersed in a liquid of density p, 
then the ratio Did is 


(a) 


<7 

a-p) 


n 


(b) 


(c) 


0 

a-p 


1/3 


(d) 


<(T — P V /2 

v a y 


( G - p > 

l (T + P ; 


SOLUTION Let /? be the radius of the sphere and r 
that of the cavity. Mass of the sphere with cavity is 

4/r 3 4 n 3 

m = —R G - r g 

3 3 

Weight of sphere = mg = — (/? 3 - r^)cj g (i) 

The volume of liquid displaced = volume of the sphere 

- 


Weight of liquid displaced = R~ pg 
Equating (i) and (ii), we get 

=> (P 3 - r 2 ) a = P 3 p 


(ii) 




a 


r 


G-p 


r \ l/3 
1 g ' 


\G — p 


D 

~d 


2 R 

27 


a 

V a - p y 


1/3 


EXAMPLE 11 A cubical block of wood (density = 
800 kg m 3 ) of side 5 cm floats on the surface of water with 
its lower face just touching a vertical spring fixed at the 
bottom of the container. When a body of mass m = 75 g 
is placed on top of the block, it floats in water with its top 
face in level with water. Find the value of spring constant k. 
Takeg= 10 ms 2 . [see Fig. 7.13(a)] 


i 


- 

kZFZF 


Fig. 7.13(a) 

SOLUTION 

Let x cm be the height of the block above the surface of 

water. From the law of floatation, 

upthrust = weight of the block (IV) 

or weight of water displaced = weight of the block, i.e. 

(5 -x ) x 10~ 2 x ( 5 x l(r 2 ) 2 x 1000 g 

= ( 5 x 10 2 ) 3 x 800g 

which gives x = I cm 

When a body of mass m = 75 g = 0.075 kg is placed on 
the block, it depresses by x = 1cm =1 x 10 m. If k is the 
spring constant, the force in the spring is/= kx = 10 
The upthrust now is 

U= ( 5 x 10 2 ) 3 x 1000 xg= 1.25 N( vg= 10 ms -2 ) 
Figure 7.13(b) shows the free body diagram. For 
equilibrium 

W+mg = U+f (i) 


Now 


IV = (5x 10 _2 ) 3 x800x 10= 1N, 
/= 10~ 2 k, 


4 U 
f 


m = 0.075 kg and U = 1.25 N. 
Using these values in (i), 

1 +0.075 x 10 = 1.25 + 10 ~ 2 k 


k = 50 Nm 


-1 


W + mg 
Fig. 7.13(b) 


EXAMPLE 12 A cylinder of radius R and height h 
and mass M is suspended by a string in a liquid of density 
p where it stays vertical with its upper surface at a depth 
h , below the surface of the liquid. Find the force at the 
bottom of the cylinder. 
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• i 
ho 1 


T 

/7i 

I 


I 

h 

i 


Fig. 7.14 


Fig. 7.15 


SOLUTION 

Pressure at top of cylinder is (Fig. 

7.14) 

=^iPg 

Pressure at the bottom of cylinder is 

^2 =h 2 PS 

If A is the cross-sectional area of the 
cylinder, the net force at the bottom is 

F = (Pi~ P i) A = (h 2 - /?,) pAg 

= hpAg= Vpg 
where V = volume of cylinder. 

© EXAMPLE 13 In Example 9 
above, what will be the force at the 
bottom if a hemispherical portion of 
radius R is removed from the bottom L^TL - LTILT17 
of the cylinder. The volume of the — —F - 
remaining part of the cylinder is E'and 

the top of the cylinder is now at a depth F- 2R -^ 

h' below the liquid surface as shown in L 
Fig. 7.15. 

© SOLUTION From Archimedes' 
principle. 

Force at bottom = force at top + V'p g, 

= (h' x nR 2 )x pg + V'pg 
= pg[V' + nR 2 h'] 

© EXAMPLE 14 A spring balance reads 10 kg when 
a bucket of water is suspended from it. What will be the 
reading of the spring balance when 

(a) an ice cube of mass 1.5 kg is put into the bucket? 

(b) an iron piece of 7.2 kg suspended from another 
spring is immersed with half its volume inside water 
in the bucket? 

Relative density of iron is 7.2. 

© SOLUTION 

(a) When an ice cube of mass 1.5 kg is put into the bucket, 
the total mass suspended from the spring balance = 
10 kg + 1.5 kg = 11.5 kg. Hence the balance will read 
11.5 kg. 

(b) Density of iron = 7.2 x 1 O ' kg m \ Therefore volume 
of iron piece is 


V = 


mass 


7.2 


density 7.2x10 


= 10 ~ 3 m 3 


V 

Volume ol iron immersed in water = — 

2 

V 

Weight of water displaced = — x 1000 x g 
newton 



x 1000 xg = 0.5 g 


= weight of 0.5 kg 

This is the buoyant force on the iron piece. Hence, 
according to Newton's third law, the iron piece will exert 
an equal force on water in the downward direction. Hence 
the balance will now read = 10 kg + 0.5 kg = 10.5 kg 


10. Viscosity 

When a fluid flows , there exists a relative motion between 
the layers of the fluid. Internal force acts which destroys 
this relative motion. This force is called viscous force. 
The viscous force between two layers of a fluid is given by 



dv 

dx 


Where A is the area of the layer, — is the velocity gradient 

dx 

and p is called the coefficient of viscosity of the fluid. 

The SI unit of 1 ] is Nsm 2 which is called poiseuilli (PI) 
or pascal second (Pa-s). The dimensional formula of p is 
[ML -1 T 1 ]. 


11. Stokes'Law 

The viscous force experienced by a small spherical body 
of radius r moving with a small velocity v through a 
homogeneous fluid of coefficient of viscosity is given by 

F = 6 KTjrv 

This relation is called Stokes’ law. 


12. Terminal Velocity 

If a body is released in a viscous fluid, it is accelerated 
due to gravity and its velocity begins to increase. Hence 
viscous force on it also increases. A stage is reached when 
the velocity is such that the viscous force F becomes equal 
to (W - U ), where W is the weight of the body and U 

is the upthrust (Fig. 7.16). Then_ 

no net force acts on the body and 
it falls with a constant velocity 
called the terminal velocity (v ( ). 

For a spherical body of radius 
r and density p falling in a fluid 
of density a and coefficient of 
viscosity 77 , the terminal velocity 
is given by 


U-{F 


- v t 


W 


Fig. 7.16 




2 (p-a)rg 


9/7 


For a body moving in a given fluid, v t r* 
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BWQ For a liquid the coefficient of viscosity decreases 
with increase in temperature whereas for a gas 
Note increases with increase in temperature. Hence 

the terminal velocity of a body falling in a liquid 
increases with increase in temperature. 






13. Poiseuilli's Formula 

The volume of a liquid (lowing per second through a 
capillary tube of radius r when its ends are maintained at 
a pressure difference p is given by 


877 / 

Where / is the length of the tube and 77 is the coefficient of 
viscosity of the liquid. 

Capillaries Connected in Series 

If two capillaries of lengths /, and / 2 and radii r, and r 2 arc 
connected in series across constant pressure difference p , 
then the fluid resistance R is given by 




n n 


K A 


As the volume of liquid flowing per second is the same 
through both capillaries. 


0 = 0 , = 0 2 = 


P 

/?!+/?') 


If/;, and p 2 are the pressure differences across individual 
capillaries, then 

P =P\ +/>2 


Capillaries Connected in Parallel 


If two capillaries are connected in parallel across constant 
pressure difference /;, then the fluid resistance is given by 

1 1 1 * 1*2 
— = — + — or R = - 

R /?, R 2 R 1 + R 2 

, r\ 877 /, , „ 8 77 / -> 

where /?, = - - and R ? = -f- 

nr , “ nr \ 

The volume of liquid flowing per second through the 
capillary of radius r ] is 


For the capillary ot radius r 2 , we have 



co 




EXAMPLE 15 A vertical U-tube is filled with a 
liquid of density p = 1200 kg m 1 a shown in Fig. 7.17. 
The tube is rotated about a vertical 
axis with angular velocity rusuch that 
the difference in levels of the liquid in 
the two arms is 25 cm. If x, = 0.6 m 
and x 2 = 0.4 m, find the value of co . 

Take g = 10 ms -2 . 


SOLUTION Consider a small 
element AB of the liquid of length dx 
at a distance x from the axis of rotation 
(Fig. 7.18). Due to centripetal force, 
the liquid rises to height /?, in the left 
arm and to a height h 2 in the right arm. 


-*r 


x 2 - 


Fig. 7.17 



Fig. 7.18 


Pressure at A is /;, = h\pg 
Pressure at B is p 2 = h 2 pg 
Pressure difference Ap =/;, -p 2 = 07 , - h 2 ) pg 
If a is the cross-sectional area of the tube, the net force 
on element AB is F = aAp = 07 , - h 2 ) apg (i) 

Mass of element dm = padx 
Centripetal force is 


1 -i 

F c = jdmxco 2 = co 2 pa J xdx 


X-, 


Xy 


2 , 2 2 \ 

= - orpa(x\-x 2 ) 


Equating (i) and (ii), we get 


^1 ^2 ~ (-V1-X2) 


2 g 


0.25 = —- [(0.6 ) 2 — (0.4) 2 ] 

2x10 

cu = 5 rad s 1 
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14. Streamline or Laminar Flow 

Streamline or Laminar flow is the flow in which every 
particle of the liquid follows the same path and has exactly 
the same velocity in magnitude and direction as that of the 
preceding particle at a given point in the flow. 

The actual path followed by the particles in a regular flow 
is called a streamline, which can be straight or curved. The 
tangent at a point on a streamline gives the direction of the 
liquid flow at that point. 

15. Critical Velocity and Reynold's Number 

The liquid flow remains steady or streamline if its velocity 
does not exceed a limiting value called the critical value, 
which is given by 


where r\ = coefficient of viscosity of the liquid, p = density 
of the liquid, r = radius of the pipe in which the liquid flows 
and k is a dimensionless constant called Reynold's number. 

If the velocity of the liquid exceeds the critical velocity, 
the flow becomes irregular causing the liquid to flow in a 
disorderly fashion. Such a flow is called turbulent flow. 
The value of k is usually very high. If A' is less than 2000, 
the flow is streamline. If the value of k exceeds 2000, the 
flow becomes turbulent. 

16. Equation of Continuity of Flow 

If a, and a 2 are the areas of cross-section at two sections 
of a tube of a variable cross-section and v x and v 2 arc the 
velocities of flow crossing these sections, then 

a\V\ = a 2 v 2 or av = constant 

This means that smaller the area of cross-section, higher 
is of the liquid flow and vice versa. This is called equation of 
continuity of flow and it holds only if the flow is streamline. 

17. Bernoulli’s Theorem 

Bernoulli's theorem states that the total energy of an 
incompressible and non-viscous liquid in a streamline 
flow remains constant throughout the flow; the total energy 
being the sum o f pressure energy, potential energy and 
kinetic energy of the liquid. 

PV + mgh + — mv 2 = constant 
2 

1 

or P + pgh + —pv = constant 

18. Velocity of Efflux 

A liquid is filled up to a height H in a vessel which has 
a small hole at a depth h below the surface of the liquid 
(Fig. 7.19). 




Fig. 7.19 

When the hole is unplugged, the velocity v with which 
the liquid comes out of the hole is called the velocity of 
efflux. Let Vbc the velocity with which the free surface of 
the liquid falls in the vessel. Applying Bernoulli’s theorem 
to points A and B 


P A + ] -pV 2 + pgH = P B + ~pv 2 + pg{H-h) 


Since P A = P B = ( atmospheric pressure) and AV= av 

(equation of continuity) where A = cross-sectional area of 
the vessel and a = cross-sectional area of hole, we have 


_ 1 a 2 v 2 

Po+ 2 P ^F 


+ pgH = P Q + ^pv 2 + pg ( H-h ) 


which gives 


1/2 


V = 


2gh 



Since A > > a, v = yj2gh 

The time taken by the liquid emerging from the hole to hit 
the ground is 

‘■FF 


Horizontal Range R = vt= 2 yjh (H - h) 

<Q EXAMPLE 16 A cylindrical vessel of a large cross- 
sectional area has two tiny holes A and B and lies on a 
horizontal floor. Hole A is at a depht h { below the free 
surface of liquid in the vessel and hole B is at a height 
h 2 above the bottom of the vessel. When the holes are 
unplugged, the streams emerging from A and B strike the 
floor at the same point. The ratio h { /h 2 is 

(a) 2 V 2 (b) 72 

(c) i (d) 1 



SOLUTION 


Refer to Fig. 7.20. 
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Velocity of efflux is 






velocity of efflux is v = yjlg h 


and 


V 2 = sj2g{H-h 2 ) 


The times taken by the liquid emerging from A and B to 
hit the floor are 


/, = 


\2(H-h x ) 


and 


U = 


2 h- 

_. 

g 


Since the two streams strike the floor at the same point 
P, /?, = R 2 or v x t x = v 2 t 2 or 

=> h x {H-h x ) = ( H-h 2 )h 2 

=> [H-(h x + h 2 )] [h x -h 2 ] = 0 

which gives H = h x +h 2 (which is not possible) and /z , = h 2 . 
So the coiTcct choice is (d). 

Q EXAMPLE 17 A cylindrical vessel of cross- 
sectional area A is filled with a liquid to a height h and 
placed on a horizontal surface. The vessel has a small hole 
of cross-sectional area a on its side near the bottom. The 
hole is unplugged. If a « A , the minimum coefficient 
of friction between the vessel and the floor so that it just 
begins to slide on the surface is 

a 2 a 


(a) P = 


(C) = 



(b) /* = 


(d) /* = 



SOLUTION Refer to Fig. 7.21. 


From Newton's second law, the backward force exerted on 
the vessel by the emerging stream of liquid is 

„ dp d / . dm 

F = — = — (mv) = v — (v v = constant) 

dt dt dt 

Let dx be the distance moved by the liquid in time dt. 
Volume of liquid flowing out in time dt = a dx. Mass of 
liquid flowing out in time dt = p a dx. Therefore, rate of 
flow of mass is 


dm 

dt 


dx 

pa — = pav 
H dt K 



F= vx pav = pav 2 = pa x 2gh = 2 pg ha 
Frictional force f= uR = pMg 

( M= mass of liquid in vessel) 
= jux pA hxg 


The vessel will just begin to slide if F=f i.c. 


2 pg ha = ppA h g 



2a 

A 



1_L 




^ote 

H 

1. Horizontal range is maximum when h = — 

and R max = H. 2 

2. The horizontal range is the same if the hole 
is at a depth h below the surface of water or 
at a height h above the bottom of the vessel. 
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EXAMPLE 18 Figure 7.22 
shows a stream of water emerging 
from the opening of a tap. As the 
water falls through a height h = 

PQ, the cross-sectional area of the 
stream decreases from A to a. Obtain h l 
the expression for the rate of flow of 
water through the opening of the tap. 

© SOLUTION 

Let Fbe the velocity of water at P and v at Q. From the 
equation of continuity,^ V- cm. From Bernoulli’s theorem, 

P P +pgh+ X -pV 2 = P Q + j pg (0) + ^ pv 2 


»Q 


Fig. 7.22 


Now 

Therefore, 


P p = Pq = P 0 (atmospheric pressure). 


^0 + pgh + l pv 2 =Po + l pv 2 

=> V 2 = v 2 - 2gh 

AV . .... 

From AV= civ, v = -. Using this in (i) we get 


(0 


a 


V = 


2gha~ 

~A^7 


nl/2 


Rate of flow = AV - a A 


2gh 


nl/2 


A 2 -a 2 


19. Surface Tension and Surface Energy 

Surface tension is the force acting per unit length of an 
imaginary line on a liquid surface; the direction of the 
force being perpendicular to the line and tangential to the 
liquid surface. 

The SI unit of surface tension is N m 1 and its 
dimensional formula is [M L T ]. Consider a frame ABCD 
having a wire PQ of length L which can slide along sides 
AB and CD. The frame is dipped in a liquid (e.g. soap 
solution) and taken out. We get a film of liquid within 
PBCQ (Fig. 7.23). Since the film has two surfaces each of 
length L, the force due to surface tension acting on wire 
PQ is 

F = ax 2 L = 2oL 



Q Q 


;- D 


Fig. 7.23 


This force is directed inwards to the left and has to be 
applied to the right to hold the wire PQ in place. Hence, if 
the area of the film has to be increased, work has to be done 
against the force of surface tension. This work is stored as 
potential energy called surface energy. Work done to move 
the wire from a position PQ to a position P'Q' is 

AW = FAx=a (2 L Ax) = a Ak 

where A A = increase in the surface area of the film. Thus 
work done = surface tension x increase in surface area of 

_ 'y 

the film. Another SI unit of surface tension is Jm . 

(Q EXAMPLE 19 A U- shaped wire frame is dipped 
in a soap solution and removed. A thin film is formed in 
the frame. A light slider supports a weight of 1.5 x 10 2 
N, which includes the weight of the slider (Fig. 7.24). The 
length of the slider is 30 cm. Find the surface tension of 
soap solution. 

Wire frame 



Film 


Slider 


SOLUTION F = 2aL => a = 


F 


1.5x10 


-2 


2 L 2 x 0.3 
= 2.5 x 10 _2 N m 1 


20. Excess Pressure 


When the free surface of a liquid is curved, there is a di¬ 
fference of pressure between the liquid side and the vapour 
side of the surface. 

(i) Excess pressure inside a liquid drop of radius r is 
given by 

2o 

P = - 

r 

where a is the surface tension of the liquid. 

(ii) Excess pressure inside a liquid bubble of radius r is 
given by 

P 


4(7 


(iii) Excess pressure inside an air bubble of radius r in a 
liquid of surface tension a is given by 

2a 

p = - 


r 
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If the pressure outside is P, the total pressure inside 
bubble = P + 

r 

21. Work Done in Blowing a Soap Bubble 

Suppose the radius of a soap bubble is increased from r, 
to r 2 by blowing. Then, since there are two surfaces of 
the film, initial energy = 2 x (4/r r { o) and final energy 
= 2 x (4k r\o) 

Work done = final energy - initial energy 
or W= 8/t< 7(>2 - r 2 ) 

(i) Work done in forming a bubble of radius r is 
(since r 2 - r and r x = 0) 

W = 8/rcr r 2 


coalesce to form one big drop. If s is the specific heat 
capacity of the liquid, find the rise in the temperature of 
the liquid in this process. 

(Q SOLUTION In this process, energy is evolved as 
heat because there is a decrease in surface area. Radius of 
big drop is R = 2 r. Decrease in surface area is 

A A = 8 x 4k r 2 -4 k R 2 


= 32 nr 2 = 4x(2r) 2 

= 16 Kr 2 

Energy evolved is Q = a AA = 16 n (Jr 2 


Mass of big drop is m = R 3 p = — Kr 3 p 


(ii) Work done in doubling the radius of a bubble from 
r, = r to r 2 = 2 r is 

W = Sno[(2r) 2 - r 2 ] = 24n<7 r 2 

(iii) Work done in splitting a drop of radius R into 
n identical drops, each of radius /% is obtained as 
follows: 

Initial surface area = 4 kR 1 
Final surface area = n x 4k r 
Work done is W — 4jt(nr 2 - R 2 )(7 
Since the volume remains unchanged, 

1 nr > n = 1 ^3 

3 3 


or 


1/3 _ 


yi"~ r = R. Hence 

•"> ^ 1/3 


W = 4kR~ c7 

EXAMPLE 20 Calculate the work done (or energy 
needed) to split a spherical drop of mercury of diameter 
1 cm into 8 identical drops. The surface tenstion of mercury 
= 0.035 N m '. 

SOLUTION As shown above 


(8 1/3 )r = R 


R 

’ ~ 2 


Surface area of the big drop = 4 k R~ 
Surface area of 8 small drops = 8 x 4k r" 


= 8x4 7TX 


-I =8 kR- 

v 2 


Increase in surface area AA = %k R~ - 4kR~ 


= 4 kR 1 


Work done = ax AA 


= 0.035 x4x3.!4 x (0.5 x 10 2 ) 2 = 1.1 x 10 5 J 

EXAMPLE 21 Eight spherical droplets, each of 
radius r of a liquid of density p and surface tension a 


If AT is the rise in temperature, then 
O - in s AT 


=> \6 K <Jr 2 


3 A 

— Kr psAT 


AT = 


3(7 
2r ps 


22. Angle of Contact 

The shape of meniscus of water in a narrow glass tube 
is concave upwards [Fig. 7.25 (a)] while the shape of 
meniscus of mercury in a narrow glass tube is convex 
upwards [Fig. 7.25 (b)] 




The angle of contact (6) between a liquid and a solid 
surface is defined as the angle between the tangent to the 
liquid surface at the point of contact and the solid surface 
inside the liquid. 

The value of angle of contact depends upon 

(i) the nature of the liquid and solid in contact, 

(ii) the nature of the medium above the free surface of 
the liquid and 

(iii) the temperature of the liquid. 
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1 


Generally the angle of contact for liquids which 
wet glass is acute and obtuse for liquids which 
do not wet glass. 






23. Capillarity 

The rise or fall of a liquid in a capillary tube is known as 

capillarity. The height to which a liquid of surface tension 

<7 and density p rises in a capillary tube of radius r is 

given by on 

, 2(7 cost? 

h = - 

P rg 

where 0 is the angle of contact. For pure water and clean 
glass, 0- 0° in which case cos 0- cos 0° = 1 and we have 

h = — 
prg 

For mercury and glass, 0 - 140° so that cos 0 is 
negative. Hence mercury falls in a capillary tube, i.e. the 
level of mercury in the capillary tube is lower than the 
level outside. 






1 


Surface tension of a liquid decreases with 
increase in temperature. 






(Q EXAMPLE 22 A narrow glass tube of diameter 
1.0 mm is dipped vertically in a container of water. The 
surface tension of water is 0.07 N m 1 and the angle of 
contact with glass is zero, (a) Find the height to which 
water rises in the tube, (b) To what height will water rise 
if the tube is held slanting making an angle of 60° with the 
vertical? Also find the length which the water occupies in 
the tube. Take g = 10 m s “. 



SOLUTION 


, . , 2 a cos 0 2x0.07xcos0° 

(a) h = -= -^ 

rpg (0.5 x 10 -3 ) x 10 3 x 10 


= 2.8 x 10 2 m = 2.8 cm 

(b) The vertical height h of water column will remain the 
same = 2.8 cm (Fig. 7.26). 



Length of water column is / = - = 2 h = 5.6 cm 

cos 60° 

PART 

(A) 


Solids 


24. Elasticity 

The ability of a body to regain its original shape and 
size when the deforming force is withdrawn, is known as 
elasticity. A body which completely regains its original 
shape and size after the removal of the deforming force 
is said to be perfectly elastic . A body which retains its 
deformed shape and shows no tendency at all to regain its 
original shape, after the removal of the external force, is 
said to be perfectly plastic. In fact, no material body can 
be perfectly elastic or perfectly plastic. 

25. Stress 

When a deforming force is applied to a body, it reacts to the 
applied force by developing a reaction (or restoring) force 
which, from Newton’s third law, is equal in magnitude 
and opposite in direction to the applied force. The reaction 
force per unit area of the body which is called into play 
due to the action of the applied force is called stress. The 
mangnitude of the stress is equal to the magnitude of the 
applied force divided by the area of the body, but the 
direction of the stress is opposite to that of the applied 
force. Stress is measured in units of force per unit area, 
i.e. Nm" 2 . Thus 

Stress = — 

A 

where F is the applied force and A is the area over which 
it acts. 

26. Strain 

When a deforming force is applied to a body, it may suffer 
a change is size or shape. Strain is defined as the ratio of 
the change in size or shape to the original size or shape of 
the body. Strain is a number; it has no units or dimensions. 

T he ratio of the change in length to the original length 
is called longitudinal strain. The ratio of the change in 
volume to the original volume is called volume strain. The 
strain resulting from a change in shape is called shearing 
strain. 

27. Hookes' Law 

Hookes’ law states that, within the elastic limit, the stress 
developed in a body is proportional to the strain produced 
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in it. Thus, the ratio of stress to strain is a constant. This 
constant is called the modulus of elasticity. Thus 


Modulus of elasticity = 


stress 

strain 


Since strain has no unit, the unit of the modulus of elasticity 
is the same as that of stress, namely, Nm . 


from, say, V to V- AV so that AFis the small decrease in 
volume. The volume strain is given by 

AV 

Volume strain =- 

V 


The bulk modulus is defined as the ratio of the excess 
pressure and the corresponding volume strain, i.c. 


28. Young's Modulus 

Suppose that a rod of length L and a uniform cross-sectional 
area A is subjected to a longitudinal pull. In other words, 
two equal and opposite forces are applied at its ends. 

As a result of applying the deforming forces, there is an 
extension in length which we denote by A L. The strain is 
given by 

o • 

Strain = - 

L 

Since the deformation involves a change in length, the 
strain is called longitudinal strain or linear strain. Since 
the length increases (A L > 0) it is also called extensional 
strain or tensile strain. The stress is given by 

0 F 

Stress = — 

A 

The stress in the present case is called linear stress, 
tensile stress, or extensional stress. If the direction of 
the forces is reversed so that A L is negative, we speak 
of compressional strain and compress ion al stress. If the 
elastic limit is not exceeded, then from Hooke's law 

Stress oc strain 

or Stress = Y x strain 

stress F L 

or Y = -=- 

strain A AL 

where K, the constant of proportionality, is called the 
Youngs modulus of the material of the rod and may be 
defined as the ratio of the linear stress to linear strain, 
provided the elastic limit is not exceeded. Since strain has 
no unit, the unit of Y is Nm 2 . 

29. Bulk Modulus 

Solids, liquids and gases can be deformed by subjecting 
them to a uniform normal pressure P in all directions. 

Stress and pressure have the same dimension (force 
per unit area), but pressure is not the same thing as stress. 
Pressure is the force per unit area acting on the surface of 
a system, the force being everywhere perpendicular to the 
surface so that, for a uniform pressure, the force per unit 
area is the same. 

Pressure is a particular kind of stress which changes 
only the volume of the substance and not its shape. The 
substance may be a solid, liquid or gas. A small increase 
in pressure A P applied to a substance decreases its volume 



A P 
AV\ 
V , 


APV 

AV 


If AP is positive, AV will be negative and vice versa. 
The negative sign in our definition of bulk modulus B 
ensures that B is always positive. The SI unit of B is Nm “. 
The reciprocal of B is known as compressibility. 

The bulk modulus of a gas depends on the pressure. Under 
isothermal conditions (i.e. when the temperature is kept 
constant), the bulk modulus of a gas is equal to its pressure 
P. Under adiabatic conditions (i.e. when heat is not allowed 
to leave or enter the system), the bulk modulus is equal to 
yP, where y(= C { JC V ) is the ratio of the molar heat capacities 
of the gas at constant pressure and constant volume. Thus 
Isothermal bulk modulus = P 
Adiabatic bulk modulus = yP. 


30. Shear Modulus or Modulus of Rigidity 

Shear is a particular kind of stress which only solids can 
withstand. The solid is deformed by changing its shape 
without changing its size. The body does not move or 
rotate as a whole: there is a relative displacement of its 
contiguous layers. 

Consider a solid in the form of a rectangular cube as in 
Fig. 7.27. 


V U 



Fig. 7.27 

Suppose the lower face PQRS is held fixed and a force 
F is applied parallel to the upper face MNUV. If we do 
this to a liquid, it will begin to flow; it will not remain 
in equilibrium. In other words, liquids cannot withstand 
this kind of shear force. But when it is applied to a solid, 
it will remain in equilibrium because no net force and no 
net torque act on it. There is a couple produced by this 
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force and an equal and opposite force coming into play 
on the lower face. As a result of this, the lines joining 
the two faces turn through an angle 9. We say that 
the face MNRS is sheared through an angle 9 (measured in 
radians). The angle 9 is called the shear strain or the angle 
of shear and is a measure of the degree of deformation. 

If A is the area of the face MNUV, the ratio FI A is the 
shearing stress. It is found that for small deformation, the 
shearing stress is proportional to the shear strain, i.e. 


A 


5-* 



F 

A9 


The quantity 7] is called the shear modulus or the 
modulus of rigidity. Referring to Fig. 7.23, if 9 is small, 


9 - tan 9 = 


A L 
~L 


so that 


r F\ _L_ 
k a) a l 


If a rod or wire of length / and radius r is fixed at one 
end and a torque r is aplied at the other end, the rod or wire 
is twisted about its axis. If 9 is the angle of twist, the torque 
is related to modulus of rigidity (rj) by the relation 

H n r 4 9 

r = -- 

21 

31. Poisson's Ratio 


AD L 

or G =- 

D A L 

Since it is a ratio between two types of strain, a is 
dimensionless. Theoretically, one can show' that it must be 
less than 0.5. For most solids it lies between 1/4 and 1/3, 
and for rubber it is very nearly 0.5. 


32. Energy Stored in a Strained Wire: Strain 
Energy 

If a wire is stretched, the potential energy stored per unit 
volume is given by 


U = - (S x e) = - (f 2 x Y ) = — 
2 2 2 


r S 2 ' 


Where S = strees, £ = strain and Y = Young’s modulus 
of the material of the wire. 


33. Thermal Stresses 

If a metal rod fixed rigidly at its ends is heated or cooled, 
then due to expansion or contraction, tensile or compressive 
stress is set up in the rod. These stresses are called thermal 
stresses. If a rod of length L is free to expand or contract 
and its temperature is changed by AT, the change in its 
length is given by 

AL = al AT 

where a is the coefficient of linear expansion of the rod. 
Now 


AY 

Using this, we get 

F = a AY AT 


When a wire is stretched with a force, apart from an increase 
in its length, there is a slight decrease in its diameter, i.e. 
both shape and volume change under longitudinal stress. 

The ratio of the decrease AD in diameter to the original 
diameter D is called lateral strain, i.e. strain at right angles 
to the deforming force. Thus 

_ . . decrease in diameter AD 

Lateral strain = - : -=- 

original diameter D 

A1 T . .. . . Increase in length AL 

Also Longitudinal strain = -—-=- 

original length L 

It is found experimentally that within the elastic limit, 
the lateral strain is proportional to the longitudinal strain. 
The ratio of the two is called Poisson’s ratio and is denoted 
by G. Hence, 

lateral strain AD ID 

G = -— =- 

longitudinal strain AL/L 


Thus, the thermal stress in the rod is 

F 

— = aYAT 
A 


Similarly, if a fluid is contained in a vessel such that 
its volume cannot change, then a change in temperature 
results in a change in pressure. The thermal stress is then 
given by 


AP = yBAT 


///////// 


where B is the bulk modulus of the 
fluid and yis its coefficient of volume 
expansion or contraction. 


EXAMPLE 23 A steel wire 
(original length = 2 m, diameter = 1 mm) 
and a copper wire (original length = 1 m, 
diameter = 2 mm) are loaded as shown in 
Fig. 7.28. Find the ratio of extension of 
steel wire to that of copper wire. Young's 


*- Steel 



4 kg 


**- Copper 



Fig. 7.28 


Copyrighted material 





So lids and FIu ids 7.17 


modulus of steel = 2 x 10 Nm “ and that of copper = 
1 x 10 11 Nm' 2 . 

FL 


SOLUTION 


Y = 


AAL 


A L = 


FL 

YA 


4 FL 


Y x[nd 2 ) 


For steel wire F s = (6 + 4) x 9.8 = 98 N 
For copper wire F — 6 x 9.8 = 58.8 N 


4 F L 

(A L), = * ' 


Y s*(ndl) 


and (AZ) r = 


4 4 4 


(A4 =^ X 4 X 4 X 


(A L\ 


F. 


Y c x(nd 2 c ) 


dc_ 

\ d s J 


98 2 1 - 

= -x — x — x (2) 

58.8 12 

- 20 

T 

EXAMPLE 24 A rubber eraser 3 cm x 1 cm x 8 cm 
is clamped at one end with 8 cm edge vertical as shown in 
Fig. 7.29. A horizontal force F= 2.1 N is applied on the 
free face. Calculate 

(a) the shear angle and 

(b) the horizontal displacement Ax of the top face. 
Given sheal modulus of rubber = 1.4 x 1 O' Nirf “ 


Ax 



SOLUTION 


(a) Area of top face (A) = 3 cm x 1 cm = 3 cm' 


= 3 x 10 4 m 2 


Shearing stress = — = 

A 3 x 10" 4 


= 0.7 x 10 4 Nm -2 


\ Angle of shear (6) = 


shearing stress 


shear modulus 


(b) tan 0 = 


Ax 
8 cm 


e = 


0.7 xio 4 
1.4x10 5 

Ax 


8 cm 


= 0.05 rad 


(v 6 is small) 


Ax = 8 cm x 0.05 = 0.4 cm = 4 mm 


i 

SECTION 


Multiple Choice Questions with One Correct Choice 


1. Two vessels A and B of different shapes have the 
same base area and are filled with water up to the 
same height /? (see Fig. 7.30). The force exerted by 
water on the base is F A for vessel A and F B for vessel 
B. The respective weights of the vessels arc W A and 
W B . Then 

(a) F a > F b ; W A > W B 

(b) F a = F b ; W A > W B 

(c) F a = F b - W a < W B 

(d) F a > F b , W a = W B 



A B 

Fig. 7.30 
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2. A U-tube contains water and oil separated by mercury. 
The mercury columns in the two arms are at the same 
level with 10 cm of water in one arm and 12.5 cm of 
oil in the other, as shown in Fig. 7.31. What is the 
relative density of oil? 


Water 



Oil 


Mercury 


Fig. 7.31 


(a) 0.8 (b) 1.0 

(c) 1.25 (d) none of these 


3. In Q. 2, 15 cm column more of water and oil each are 
poured into the respective arms of the U-tube. If the 
relative density of mercury is A\ the difference in the 
levels of mercury in the two arms will be 


(a) — cm 
k 


(c) — cm 

k 


(b) — cm 
k 


(d) — cm 
k 


4. A block of wood floats in a liquid with four-fifths of 
its volume submerged. If the relative density of wood 
is 0.8, what is the the density of the liquid in units of 
kg m -3 ? 

(a) 750 (b) 1000 

(c) 1250 (d) 1500 


5. 


An ice cube floats on water in a beaker with 


’--Of 

10 


its volume submerged under water. What fraction of 


its volume will be submerged if the beaker of water 
is taken to the moon where the gravity is 1 /6 th that 
on the earth? 




(d) zero 


6. A block of wood floats in a liquid in a beaker with 
3/4 th of its volume submerged under the liquid. If the 
beaker is placed in an enclosure that is falling freely 
under gravity, the block will 

(a) float with 3/4 ,h of its volume submerged 

(b) float completely submerged 


(c) float with any fraction of its volume submerged 

(d) sink to the bottom. 

7. A cubical block of steel of each side equal to / is 
floating on mercury in a vessel. The densities of steel 
and mercury are p s and p ltr The height of the block 
above the mercury level is given by 


(a) / 

( Ps ) 

1 + — 

(b) / 

f P } 

1 Hs 


< Pm ) 


\ Pm ) 


r _ \ 

( ~ \ 

(c) / 

\+ Pm 

(d) / 

| Pm 


K Ps ) 


l Ps J 


8. A cube of ice is floating in water contained in a 
vessel. When the ice melts, the level of water in the 
vessel 

(a) rises 

(b) falls 

(c) remains unchanged 

(d) falls at first and then rises to the same height as 
before. 

9. A cube of ice is floating in a liquid of relative density 
1.25 contained in a beaker. When the ice melts, the 
level of the liquid in the beaker 

(a) rises 

(b) falls 

(c) remains unchanged 

(d) falls at first and then rises to the same height as 
before. 

10. A piece of ice, with a stone frozen inside it, is floating 
in water contained in a beaker. When the ice melts, 
the level of water in the beaker 

(a) rises 

(b) falls 

(c) remains unchanged 

(d) falls at first and then rises to the same height as 
before. 

11. A cubical vessel of height 1 m is full of water. What 
is the amount of work done in pumping water out of 
the vessel? Take g = 10 ms -2 . 

(a) 1250 J (b) 2500 J 

(c) 5000 J (d) 1000 J 

12. The dimensions of viscosity in terms of M, L and T 
arc 

(a) ML''r' (b) ML-'T' 2 

(c) ML~ 2 T(d) ML~ 2 T 2 

13. The dimensions of Reynold's number are 

(a) M°L°T 0 (b) ML" 1 !" 1 

(c) ML-'T 2 (d) ML~ 2 T 2 
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14. Eight spherical rain drops of the same mass and 
radius are falling down with a terminal speed of 6 
cm s If they coalesce to form one big drop, what 
will be its terminal speed? Neglect the buoyancy due 
to air. 

(a) 1.5 cms 1 (b) 6 cms 1 

(c) 24 cms 1 (d) 32 cms 1 

15. Water flows steadily through a horizontal pipe of a 
variable cross-section. If the pressure of water is p 
at a point where the velocity of flow is v , what is the 
pressure at another point where the velocity of flow 
is 2v\ p being the density of water? 


3 2 

(a) p - - pv~ 


(b) P + | pv 2 


(c) p - 2pv 2 (d) p + 2 pv 2 

16. Water stands at a depth H in a tank whose side walls 
are vertical. A hole is made in one of the walls at 
a height h below the water surface. The stream of 
water emerging from the hole strikes the floor at a 
distance R from the tank, where R is given by 

(a) R = \}h(H - h) (b) R = ^(H + h) 

(c) R = 2Jh{H-h) (d) R = 2Jh{H + h) 

17. In 0- 16,/? is maximum if 

(a) h= 

4 


(b) h = 


II 


(c)»- f 


(d) h = H 


18. The cylindrical tube of a spray pump has a radius /?, 
one end of which has n fine holes, each of radius r. 
If the speed of flow of the liquid in the tube is V, the 
speed of ejection of the liquid through the holes is 

1/2 


(a) - 
n 

(C) - 
n 


( R 


V r 


(R 


V r 


3/2 


(b) -f- 

n \ r 
(d) 

n r 


1 9. In a test experiment on a model aeroplane in a wind 
tunnel, the flow speeds on the lower and upper 

surfaces of the wing are v and \f2 v respectively. 
If the density of air is p and the surface area of the 
wing is A , the dynamic lift on the wing is given by 


(a) 


1 


sf2 


pv 2 A 


(c) >12 pV~A 


(b) ^ pv 2 A 


(d) 2 pv~A 


20. A stone of relative density k is released from rest on 
the surface of a lake. If viscous effects are ignored, 
the stone sinks in water with an acceleration of 


(a) g(l -k) 


(b) g (1 + k) 


(c) g 



(d) g 



21. Two identical cylindrical vessels, each of base area 
A , have their bases at the same horizontal level. They 
contain a liquid of density p. In one vessel the height 
of the liquid is /?, and in the other h 2 > h { . When the 
two vessels are connected, the work done by gravity 
in equalizing the levels is 

(a) 2pAg (h 2 - h\) 2 (b) pAg (h 2 - h ,) 2 

(c) j pAg (h 2 -h\) 2 (d) ^ pAg{h 2 -h\) 2 

22. A cylindrical jar has radius r. To what height h should 
it be filled with a liquid so that the force exerted by 
the liquid on the sides of the jar equals the force 
exerted on the bottom? 


(a) h = (b) h = r 

(c) h = 2r (d) h = 4 r 

23. A rectangular tank is filled to the brim with water. 
When a hole at its bottom is unplugged, the tank 
is emptied in time T. If the tank is half-filled with 
water, it will be emptied in time 


T 

<a, V2 


T 

(C) 2 



24. Two capillary tubes A and B of radii r a and r b and 
lengths l a and l h respectively are held horizontally. 
The volume of water flowing per second through 
tube A is Q lt when the pressure difference across its 
ends is maintained at P. When the same pressure 
difference is maintained across tube B, the volume of 
water flowing per second through it is Q h . The ratio 

QJQh is 


(a) ^ 


r 


a 


a\'h 


(b) ^ 


V 

a\ r bJ 


(C) ^ 


<r ' 


a 


a \ r b J 


(d) -A 


V 

v r b J 
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25. Two capillary tubes A and B of equal radii r a = r h = 
r and equal lengths l a = l b = I are held horizontally. 
When the same pressure difference P is maintained 
across each tube, the rate of flow of water in each 
is Q. If the tubes are connected in series and the 
same pressure difference P is maintained across the 
combination, the rate of flow through the combination 
will be 


(a) 


Q 


2 

(c) IQ 


(b) Q 


(d) 


Q_ 

Pi 


26. In Q. 25, r a = r b = r and l a = 2/ and l h = /. If a pressure 
difference P is maintained across tube A y the rate of 
flow of water in it is O. If the tubes are connected 
in series and the same pressure difference P is 
maintained across the combination, the rate of flow 
through the combination will be 


,a>f 


(C) Q 


(b) 


(d) 


2 Q 


4 Q 


27. If the surface tension of soap solution is cj, what is the 
work done in blowing soap bubble of radius r? 

(a) Kr 2 (T (b) 2nr~G 

(c) 4kt 2 g (d) %nr 2 c 

28. The work done to break up a drop of a liquid of 

radius R and surface tension <7 into eight drops, all 

of the same size, is 

(a) 4 kgR 2 (b) 2 kgR 2 


(c) - kgR‘ 
2 


(d) - kgR 2 
4 


29. A soap bubble of radius r is blown up to form a 
bubble of radius 2 r under isothermal conditions. If 
<7 is the surface tension of soap solution, the energy 
spent in doing so is 


(a) 3 kgC 


(b) 6 nor‘ 


(c) 12 kg r 2 (d) 24 KGr 2 

30. The excess pressure across a soap bubble of radius 
r is p = 4o7>, where <7 is the surface tension of soap 
solution. What is the excess pressure across an air 
bubble of the same radius r formed inside a container 
of soap solution? 


(a) - 
r 


(c) 


4g 


(b) 


(d) 


2(7 


2V2 a 


r 


31. In Q. 30, if the air bubble is formed at a depth h 
inside the container of soap solution of density p, the 
total pressure inside the bubble is (here P 0 denotes 
the atmospheric pressure) 

, 2(7 

(a) — + hgp 
r 

(c) P 0 + — + hgp 
r 

32. A glass tube of radius r is dipped vertically into a 
container of mercury with its lower end at a depth 
h below the mercury surface. If g is the surface 
tension of mercury, what must be the gauge pressure 
of air in the tube to blow a hemispherical bubble at 


the lower end? 




2(7 


2(7 


(a) + hgp 

(b) 


-hgp 

r 


r 


4(7 


4(7 


(c) + hgp 

(d) 


-hgp 


r r 


(b) — - hgp 
r 


(d) P 0 + — - hgp 


33. A small drop of water of surface tension <7 is squeezed 
between two clean glass plates so that a thin layer of 
thickness cl and area A is formed between them. If the 
angle of contact is zero, the force required to pull the 
plates apart is 




2g A 

~T 




8gA 

~d~ 


34. The height to which a liquid rises or falls in a capillary 
tube is directly proportional to 

(a) the radius of the capillary 

(b) the surface tension of the liquid 

(c) the density of the liquid 

(d) the angle of contact. 

35. Water rises to a height h in a capillary tube of area 
of cross-section a. To what height will water rise in 
a capillary tube of area of cross-section 4 al 



(c) 2 h 



(d) 4 h 


36. Water rises to a height h in a capillary tube held 
vertically in a beaker containing water. If the 
capillary tube is inclined at an angle 30° with the 
water surface, the height to which water rises will be 


«! 

, , 2h 
(c) ~r 
V3 


(b) h 
(d) 2 h 
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37. A spherical small ball of density p is gently released 
in a liquid of density G (p> G). The initial acceleration 
of the free fall of the ball will be 


43. Water is flowing through a tube of radius r with a 
speed v. If this tube is joined to another tube of radius 
r! 2, what is the speed of water in the second tube? 


(a) 


(c) 


f p + o "■ 


( p~(7 X 


J 


g 


g 


(b) 


( p-G 


V G 


(d )g 


38. The time period of a simple pendulum is T. The 
pendulum is oscillated with its bob immersed in a 
liquid of density G. If the density of the bob is p and 
viscous effect is neglected, the time period of the 
pendulum will be 

\l/2 / _ xl/2 


(a) 


[p-cj) 


(b) 


G 


\p-o) 


(C) 


(p\ m 


(<t) 

— T 

(d) 

— 

\G ) 


VP7 


1/2 


T 


39. A wooden block of mass m and density p is tied 
to a string; the other end of the string is fixed to 
the bottom of a tank. The tank is filled with a liquid 
of density G with G> p. What is the tension in the 
string. 


(a) 


(c) 


G-_p 

G 

P>”g 

G 


mg 


(b) 


(d) 


( G- p^ 


V P 
G mg 


mg 


J 


40. A balloon of mass m contains water of mass M. If it 
is completely immersed in water, the apparent mass 
of the balloon with water in it will be 

(a) M+m (b) M-m 

(c) M (d) m 

41. A wooden ball of density cr is released from the 
bottom of a tank which is filled with a liquid of 
density p ; (p > G) up to a height h x . The ball rises 
in the liquid, emerges from its surface and attains a 
height h 2 in air. If viscous effects are neglected, the 
ratio h 2 ih\ is 


(a) 


( p \ 

(b) 


\G j 


^(7 ) 


(0* 

G 


(d) - 

P 


42. If W is the amount of work done in blowing a bubble 
of volume, V , what will be the amount of work done 
to blow a bubble of volume 8 V? 

(a) 2 W (b) 4 W 

(c) 8 W (d) 16 W 



(c) 2 v 



(d) 4 v 


44. Equal masses of two substances of densities p, and 
p 2 are mixed together. The density of the mixture 
would be 

(a) - (p, + p 2 ) (b) Vp,p 2 


(O 

(Pl+P 2 ) 



2P1P2 

(P1+P2) 


45. Equal volumes of two substances of densities p, and 
p 2 are mixed together. The density of the mixture 
would be 

(a) X - (p, + p 2 ) (b) (p, + p 2 ) 

<c) ^ ,d) (pf^) 

46. A small sphere of volume V falling in a viscous fluid 
acquires a terminal velocity v r The terminal velocity 
of a sphere of volume 8 V of the same material and 
falling in the same fluid will be 


(a) y (b) v, 

(c) 2 v, (d) 4 v, 

47. A spherical steel ball released at the top of a long 
column of glycerine of length L, falls through 
a distance L !2 with accelerated motion and the 
remaining distance L/2 with a uniform velocity. If 
/1 and t 2 denote the times taken to cover the first and 
second half and W x and W 2 the work done against 
gravity in the two halves, then 

(a) t l <t 2 ; W x > W 2 (b) /, > t 2 ; W x < W 2 

(c) t x = t 2 - W x = W 2 (d) t x >t 2 \ W, = W 2 

48. A capillary tube of radius r is immersed in water and 
water rises in it to a height h. The mass of water in 
the capillary tube is 5 g. Another capillary tube of 
radius 2 r is immersed in water. The mass of water 
that will rise in this tube is 

(a) 2.5 g (b) 5.0 g 

(c) 10 g (d) 20 g 

49. When a capillary tube of radius r is immersed in a 
liquid of density p, the liquid rises to a height h in 
it. If m is the mass of the liquid in the capillary tube, 
the potential energy of this mass of the liquid in the 
tube is 
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(a) mgh/4 (b) mgh/2 

(c) nigh (d) 2mgli 

50. When water flows at a rate 0 through a capillary tube 
of radius r placed horizontally, a pressure difference 
p develops across the ends of the tube. If the radius 
of the tube is doubled and the rate of flow halved, the 
pressure difference becomes 


(a) l 

(b) 7 

32 

8 

(c) p 

(d) 8 p 


51. A liquid flows through a pipe of varying diameter. The 
velocity of the liquid is 2 ms 1 at a point where the 
diameter is 6 cm. The velocity of the liquid at a point 
where the diameter is 3 cm will be 

(a) 1 ms” 1 (b) 4 ms 1 

(c) 8 ms” 1 (d) 16 ms 1 

52. If a million tiny droplets of water of the same radius 
coalesce into one larger drop, the ratio of the surface 
energy of the large drop to the total surface energy 
of all the droplets will be 

(a) 1:10 (b) 1:10 2 

(c) 1:10 4 (d) 1 :10 6 

53. The dimensional formula of surface tension is 

(a) MLT 1 (b) MLT 2 

(c) ML°T' 2 (d) ML-'T -1 

54. Surface tension in a liquid is due to 

(a) adhesive force between molecules 

(b) cohesive force between molecules 

(c) gravitational force between molecules 

(d) electrical force between molecules 

55. Which one of the following statements is correct? 
The excess pressure across a curved surface of a 
liquid is 

(a) inversely proportional to the radius of curvature 
of the surface 

(b) inversely proportional to the surface tension of 
the liquid 

(c) directly proportional to the area of the surface 

(d) directly proportional to the density of the liquid 

56. In which one of the following cases will the liquid 
flow in a pipe be most streamlined? 

(a) Liquid of high viscosity and high density flowing 
through a pipe of small radius 

(b) Liquid of high viscosity and low density flowing 
through a pipe of small radius 

(c) Liquid of low viscosity and low density flowing 
through a pipe of large radius 

(d) Liquid of low viscosity and high density flowing 
through a pipe of large radius 


57. Which one of the following statements is correct? 
When a fluid passes through the narrow part of non- 
uniform pipe, 

(a) its velocity and pressure both increase 

(b) its velocity and pressure both decrease 

(c) its velocity decreases but its pressure increases 

(d) its velocity increases but its pressure decreases 

58. Water stands at a height H in a tall cylinder (see Fig. 
7.32). Two holes A and B are made on the sides of the 
cylinder. If hole A is at a height h above the ground, 
what is the height of hole B above the ground so that 
the two streams of water emerging from holes A and 
B strike the ground at the same point? 

(a) 2/7 (b) H!2 

(c) H — h (d) H - h!2 



Fig. 7.32 

59. Two water droplets coalesce to form a large drop. In 
this process, 

(a) energy is liberated 

(b) energy is absorbed 

(c) energy is neither liberated nor absorbed 

(d) a small amount of mass is converted into en¬ 
ergy in accordance with Einstein’s mass-energy 
equivalence relation E = me 2 . 

60. A solid iron ball and a solid aluminium ball of the 
same diameter are released together on a deep lake. 
Which ball will reach the bottom first? 

(a) Aluminium ball 

(b) Iron ball 

(c) Both balls will reach the bottom at the same time 

(d) The aluminium ball will never reach the bottom 
and will remain suspended in the lake 

61. Under a constant pressure head, the rate of streamlined 
volume flow of a liquid through a capillary tube is O. 
If the length of the capillary tube is doubled and the 
diameter of the bore is halved, the rate of flow would 
become 

(a) Q1 4 (b) 0/8 

(c) 0/ 16 (d) 0/32 

62. What are the dimensions of stress? 

(a) MLT” 2 (b) ML“'T“ 2 

(c) ML" 2 T 1 (d) MLV 
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YAL 2 

X 



YAL 2 

2x 


78. A solid sphere of radius R and made of a material of 
bulk modulus K is completely immersed in a liquid 
in a cylindrical container. A massless piston of area 
A floats on the surface of the liquid. When a mass M 
is placed on the piston to compress the liquid, the 
fractional change in the radius of the sphere, SR/R is 


given by 



(a) 

Mg 

(b) 

Mg 

KA 

2 KA 

(c) 

Mg 

(d) 

Mg 

1KA 

4KA 


79. A steel wire of cross-sectional area 3 x 10 6 nr 
can withstand a maximum strain of 10“'. Young’s 
modulus of steel is 2 x 10 n Nm 2 . The maximum 
mass the wire can hold is (Take g = 10 ms : ) 

(a) 40 kg (b) 60 kg 

(c) 80 kg (d) 100 kg 

__ c j 

80. A steel wire of cross-sectional area 3.0 x 10 m 
stretches by the same amount as a copper wire of 
cross-sectional area 4.0 x 10 * nr under the same 
load. What is the ratio of the original length of the 
steel wire to that of the copper wire? Young's modulus 
of steel is 2.0 x 10 11 N m 2 and that of copper is 1.0 x 


10" N m 2 . 



(b) 1 


(d) 2 


81. A composite wire of a uniform cross-section of 

5.5 x 10 m consists of a steel wire of length 

1.5 m and a copper wire of length 2.0 m. By how 
much will it stretch when it is loaded with a mass of 
200 kg? Young’s modulus of steel is 2 x 10 M Nm 2 and 
that of copper is 1 x 10 11 Nm 2 . Takeg= 10 ms 2 . 

(a) 1 mm (b) 2 mm 

(c) 3 mm (d) 4 mm 

82. The density of water at the surface of the ocean is p. 
If the bulk modulus of water is B , what is the density 
of ocean water at a depth where the pressure is nP () , 
where P 0 is the atmospheric pressure? 


(a) 

pB 

(b) 

pB 

a? 

1 

1 

0Q 

B + (n — \)P Q 

(c) 

pB 

(d) 

pB 

B-nP 0 

B + nP 0 


83. One end of a uniform rod of mass M and cross- 
sectional area A is suspended from rigid support and 
an equal mass M is suspended from the other end. 
The stress at the mid-point of the rod will be 


(a) 

2Mg 

o» 3 f * 


A 

2 A 

(c) 

Mg 

A 

(d) zero 


84. Two rods of different materials, having coefficients 
of linear expansion a ] and a 2 and Young’s modulii 
Tj and Y 2 , are fixed between two rigid walls. The 
rods are heated to the same temperature. There is no 
bending of rods. If a,: a 2 = 2 : 3, the thermal stresses 
developed in the two rods will be equal provided 
T, : Y 2 is equal to 

(a) 2:3 (b) 1 : 1 

(c) 3 : 2 (c) 4 : 9 

85. Two spherical soap bubbles formed in vacuum have 
diameters 3.0 mm and 4.0 mm. They coalesce to 
form a single spherical bubble. If the temperature 
remains unchanged, the diameter of the bubble so 
formed will be 


(a) 5.0 mm (b) 5.8 mm 

(c) 6.2 mm (d) 7.0 mm 

86. A spherical liquid drop of diameter D breaks up into 
n identical spherical drops. If the surface tension of 
the liquid is (7, the change in energy in this process is 

(a) noD 2 (« 1/3 - 1) (b) n oD 2 (n 2/i - 1) 

(c) n o D 2 (/? — 1) (d) n o D 2 (n m - 1) 

87. A liquid of density p and surface tension crises to a 
height h in a capillary tube of diameter cL The weight 
of the liquid in the capillary tube is 


(a) 2 KOh 


(b) 


2kg Ir 


(c) KG cl 


(d) 


KG cl l p 


88. In Q. 87 above, the potential energy of the liquid in 
the capillary tube is 

.2 


(a) hpg 


(b) 


2kg 4 

Pg 


(c) 2kg pg 


(d) 


2kg~ 

Pgh 


89. A needle of length / and density p will float on a 
liquid of surface tension g if its radius r is less than 
or equal to 


(a) 


2(7 

nplg 


(b) 


2(7/ 

npg 
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✓ x ft 


ft A 

(c) mg 1 - - 

(d) mg 

1+ — 

V x) 


l y) 


103. Two capillary tubes of the same length / and radii 
r and 2 r are fitted to the bottom of a vessel with 
pressure head p in parallel with each other. What 
should be the radius of the single tube of the same 
length / that can replace the two so that the rate of 
flow is not affected? 


(a) (17) 1/4 r (b) 17 r 

(c) 8.5 r (d) r 

104. A long metal rod of length / and relative density a is 
held vertically with its lower end just touching the 
surface of water. The speed of the rod when it just 
sinks in water is given by 

(a) sjlgl (b) Jlglo 





(d) sj2g I (2<t -1) 


105. A sphere of relative density <7 and diameter D has 
concentric cavity of diameter cl. It will just float on 
w ater in a tank if the ratio Did is 


(a) 

(7 


(b) 

(cr + 1) 

(cr — 1) 


<7 

(c) 

( <7 > 

l <7 — 1 ) 

1/3 

(d) 

( (7 + P 

^ (j ; 


106. A large block of ice 5 m thick has a vertical hole 
drilled through it and is floating in the middle of a 
lake. The minimum length of the rope required to 
scoop up bucket full of water through the hole is (the 
relative density of ice = 0.9) 


(a) 1 m (b) 0.9 m 

(c) 0.5 m (d) 0.45 m 

107. A body floats in a liquid contained in a beaker. The 
whole system falls freely under gravity. The upthrust 
on the body due to the liquid is 

(a) zero 

(b) equal to the weight of the liquid displaced 

(c) equal to the weight of the body in air 

(d) equal to the weight of the immersed portion of 
the body. 

108. A closed compartment containing gas is moving 
with some acceleration in horizontal direction. 
Neglect the effect of gravity. Then the pressure in 
the compartment is 

(a) the same everywhere 

(b) lower in the front side 

(c) lower in the rear side 

(d) lower in the upper side 


109. A vessel contains oil (density 0.8 g cm 3 ) over 
mercury (density 13.6 g cm -3 ). A homogeneous 
sphere floats with half volume immersed in mercury 
and the other half in oil. The density of the material 
of the sphere in g cm 3 is 

(a) 3.3 (b) 6.4 

(c) 7.2 (d) 12.8 

110. Water from a tap emerges vertically downwards with 
an initial speed of 1.0 ms '. The cross-sectional area 
of the tap is 10 m . Assume that the pressure is 
constant throughout the stream of water and that the 
flow is steady. The cross-sectional area of the stream 
0.15 m below the tap is (take g = 10 ms ) 

(a) 5.0 x 1(T 4 m 2 (b) 1.0 x 10 5 m 2 

(c) 5.0 x 10~ 5 m 2 (d) 2.0 x 10" 5 m 2 

111. A large open tank has two holes in the wall. One is 
a square hole of side L at a depth y from the top and 
the other is a circular hole of radius R at a depth 4 y 
from the top. When the tank is completely filled with 
water, the quantities of water flowing out per second 
from both the holes are the same. Then R is equal to 

(a) (b) 2 nL 

4in 

(c) L (d) E 

2k 

112. A uniform wire of cross-sectional area A and Young’s 
modulus Y is stretched within the elastic limit. If S 
is the stress in the wire, the elastic energy density 
stored in the wire in terms of the given parameters is 


(a) 

(c) 




113. 


One end of a uniform wire of length L and of weight 
W is attached rigidly to a point in the ceiling and a 
weight W ] is suspended from its lower end. If S is 
the area of cross-section of the wire, the stress in the 
wire at a height 3 L !4 from its lower end is 


(a) W x /S 



W x + 

v 



(C) 


W x + 


3W' 

4 


(d) (W, + W)/S 


114. A uniform wire (Young’s modulus 2 x 10 M Nm 2 ) 
is subjected to a longitudinal tensile stress of 
5 x 10 Nm -2 . If the overall volume change in the 
wire is 0.02%, the fractional decrease in the radius 
of the wire is 

(a) 1.5 xKT 4 (b) 1.0 xKT 4 

(c) 0.5x10^ (d) 0.25x1 (T 4 
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123. A water barrel having water upto a depth d is placed 
on a table of height h. A small hole is made on the 
wall of the barrel at its bottom. If the stream of 
water coming out of the hole falls on the ground at 
a horizontal distance *R' from the barrel, then the 
value of d is 

, , 4 / j 2 , 2 h 2 

(a) — (b) — 


24. Tanks A and B open at the top contain two different 
liquids upto certain height in them. A hole is made to 
the wall of each tank at a depth 7/’ from the surface 
of the liquid. The area of the hole in A is twice that 
of in B. If the liquid mass flux through each hole is 
equal, then the ratio of the densities of the liquids 
respectively, is: 

(a) - <M | 


(=» - (d) - 

125. A light rod of length L is suspended from a support 
horizontally by means of two vertical wires A and 
B of equal length as shown in Fig. 7.36. The cross- 
sectional area of A is half that of B and the Young’s 
modulus of A is twice that of B. A weight W is hung 
as shown. The value of* so that IT produces equal 
stress in wires A and B is 


<•>¥ 


•b»f 


Support 

B 



Fig. 7.36 

26. In Q. 125 above, the value of* at which IT produces 
equal strain in wires A and B is 


<a) ? 
(Of 


(b»f 

«¥ 


127. A wire breaks when subjected to a stress S. If p is 
the density of the material of the wire and g, the 
acceleration due to gravity, then the length of the 
wire so that it breaks by its own weight is 

(a) pgS (b) ££ 


(c) (d) — 

P pg 

128. A stone of mass m is attached to one end of a wire of 
cross-sectional area A and Young’s modulus Y. The 
stone is revolved in a horizontal circle at a speed 
such that the wire makes an angle 6 with the vertical. 
The strain produced in the wire will be. 


mg cos 6 

SU\ 

mg 

AY 


AY cos 6 

mg sin# 

(d) 

mg 

AY 

AY sin0 


129. The density of a metal at a normal pressure is p. Its 
density when it is subjected to an excess pressure p 
is p'. If B is the bulk modulus of the metal, the ratio 
p7p is 


1 - piB 
1 


(b) \ + - 
B 


(c)---— (d) 1 + B/p 

1 + p/B 

130. A block of mass M is suspended from a wire of mass 
m , cross-sectional area A and length L. If all the 
energy stored in the wire is converted into heat, the 
rise in the temperature of the wire is (Y = Young’s 
modulus and s = specific heat capacity of the material 
of the wire). 

(a) (b) M 8 Lms 
2YAms 2YA 


, , 2 YAL 

(c) - j— 

(MgY ms 


(d) none of these 


131. A rubber cord of mass A/, length L and cross-sectional 
area A is hung vertically from a ceiling. The Young’s 
modulus of rubber is Y. If the change in the diameter 
of the cord due to its own weight is neglected, the 
increase in its length due to its own weight is 


MgL 

(b) 

MgL 

AY 

2 AY 

2 MgL 

(d) 

MgL 

AY 

4 AY 
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132. The volume of a wire remains unchanged when the 
wire is subjected to a certain tension. The Poisson’s 
ratio of the material of the wire is 

(a) 0.25 (b) 0.3 

(c) 0.4 (d) 0.5 

133. A large container (with open top) of negligible mass 

and uniform cross-sectional area A has a small hole 
of cross-sectional area a in its side wall near the 
bottom. The container is keep on a smooth horizontal 
platform and contains a liquid of density p and mass 
m. If the liquid starts flowing out of the hole at time 
l = 0, the initial acceleration of the container is 

(a) S (b) Sd 

A a 




134. In 0- 133 above, the velocity of the liquid when 75% 
of the liquid has drained out is 




135. A cylindrical tank having cross-sectional area A is 
filled with water to a height of 2.0 m. A circular hole 
of cross-sectional area a is opened at a height of 75 


cm from the bottom. If — = Vo.2 , the velocity with 

A 

which water emerges from the hole is (g= 9.8 ms -2 ), 
(a) 4.9 ms -1 (b) 4.95 ms" 1 


(c) 5.0 ms 1 


(d) 5.5 ms 1 


136. A syringe containing water is held horizontally with 
its nozzle at a height l? above the ground as shown 
in Fig. 7.37. The cross-sectional areas of the piston 
and the nozzle are A and a respectively. The piston is 
pushed with a constant speed V. The horizontal range 
R of the stream of water on the ground is. 



Fig. 7.37 






(d) R = - _ 


137. A small metal sphere of radius r and density p 
falls from rest in a viscous liquid of density a 
and coefficient of viscosity 77 . Due to friction heat 
is produced. The rate of production of heat when 
the sphere has acquired the terminal velocity is 
proportional to 

(a) r 1 (b) r 3 

(c) r 4 (d) r 5 

138. A small spherical ball of radius r falls freely under 

gravity through a distance h before entering a tank 
of water. If, after entering the water, the velocity of 
the ball does not change, then h is proportional to 

(a) r 2 (b) ? 

(c) r 4 (d) r 5 

139. A wide vessel of uniform cross-section with a small 
hole in the bottom is filled with 40 cm thick layer of 
water and 30 cm thick layer of kerosene. The relative 
density of kerosene is 0.8. The inital velocity of flow 
of water streaming out of the hole is (take g = 10 
ms" 2 ) 


(a) 

2 

75 

ms 1 

(b) 

4 _i 

—;= ms 

75 

(c) 

6 

75 

ms -1 

(d) 

8 -1 

—f= ms 

75 

jT 2. 

Answers 



1 . (b) 


2. (a) 

3. (c) 

4. (b) 

5. (a) 


6. (c) 

7. (a) 

8. (c) 

9. (a) 


10. (b) 

11. (c) 

12. (a) 

13. (a) 


14. (c) 

15. (a) 

16. (c) 

17. (c) 


18. (d) 

19. (b) 

20. (c) 

21. (d) 


22. (b) 

23. (a) 

24. (d) 

25. (a) 


26. (b) 

27. (d) 

28. (a) 

29. (d) 


30. (b) 

31. (c) 

32. (a) 

33. (b) 


34. (b) 

35. (b) 

36. (b) 

37. (b) 


38. (a) 

39. (b) 

40. (d) 

41. (b) 


42. (b) 

43. (d) 

44. (d) 

45. (a) 


46. (d) 

47. (d) 

48. (c) 

49. (b) 


50. (a) 

51. (c) 

52. (b) 
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53. (c) 

54. (b) 

55. (a) 

56. (b) 

57. (d) 

58. (c) 

59. (a) 

60. (b) 

61. (d) 

62. (b) 

63. (b) 

64. (a) 

65. (c) 

66. (c) 

67. (b) 

68. (d) 

69. (a) 

70. (c) 

71. (a) 

72. (b) 

73. (a) 

74. (c) 

75. (a) 

76. (a) 

77. (b) 

78. (c) 

79. (b) 

80. (c) 

81. (a) 

82. (a) 

83. (b) 

84. (c) 

85. (a) 

86. (a) 

87. (c) 

88. (b) 

89. (d) 

90. (d) 

91. (a) 

92. (c) 

93. (b) 

94. (d) 

95. (c) 

96. (b) 

97. (a) 

98. (a) 

99. (a) 

100. (a) 

101. (a) 

102. (c) 

103. (a) 

104. (c) 

105. (c) 

106. (c) 

107. (a) 

108. (b) 

109. (c) 

110. (c) 

111. (a) 

112. (c) 

113. (c) 

114. (d) 

115. (d) 

116. (d) 

117. (d) 

118. (a) 

119. (a) 

120. (b) 

121. (b) 

122. (d) 

123. (c) 

124. (d) 

125. (c) 

126. (b) 

127. (d) 

128. (b) 

129. (a) 

130. (a) 

131. (b) 

132. (d) 

133. (c) 

134. (d) 

135. (c) 

136. (d) 

137. (d) 

138. (c) 

139. (d) 



Solutions 

1. Since h is the same for both vessels, pressure = hpg 
is the same. Now force = pressure x base area. Since 
the base area is the same, the force exerted by water 
on the base is the same for both vessels. Thus F A = 
Fb- 

The liquid exerts pressure, and hence force, 
not only on the base but also on the sides of the 
vessel. This force is normal to the sides of the 
vessel. For vessel B , this force has no component 
in the downward direction. But for vessel A, this 
force (which is normal to the sides) has a non-zero 
component vertically downwards. Hence vessel A 
gives a higher reading than vessel B when they are 
weighed on a weighing scale. Thus W A > w B . 

Hence the correct choice is (b). 

2. Refer to Fig. 7.31 on page 7.18. Since the levels A 

and B of mercury are at the same height in the two 
arms, the pressure due to h w = 10 cm of water = 
pressure due to /? 0 = 12.5 cm of oil, i.e. 


KPwg = I’oPtg 


Relative density of oil = 



Pw 

JO 

12.5 



= 0.8 


Hence the correct choice is (a). 

3. Refer to Fig. 7.31 again. If 15 cm more of each 
liquid is poured into the respective arms, the level of 
mercury in arm A falls while that in arm B rises. Let 
h m be the difference in the mercury levels. It follows 
that 

Pressure of water of height h w = 10 + 15 

= 25 cm at A 

= pressure of oil of height h 0 = 12.5 + 15 

= 27.5 cm at B 

+ pressure of mercury column of height h m 
i.e. h w p w g=h 0 p 0 g+h m p m g 
where p m is the density of mercury. Thus 


or 


K = h 0 


Al 
Pu 




25 = 27.5 x 0.8 + h m k 


V Pw Pw J 


which gives, h m - 


3 

k 


cm, which is choice (c). 


4. Let the volume of the block be V m \ 


Volume of block under liquid = 
Volume of liquid displaced = 


4V_ 

5 

AV_ 

5 



Now let the density of the liquid be p kg m -3 . 

Mass of liquid displaced 

= (volume of liquid displaced) x (density of liquid) 


Weight of liquid displaced = 


4V_ 

5 

4F 

T 


pkg 

x p x g newton 


Relative density of wood = 0.8 

Density of wood = 0.8 x 1000 

= 800 kg m“ 1 2 3 

Mass of the block = 800 x V kg 

Weight of the block = 800 x V x g newton 

From the law of flotation. 
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Weight of block = weight of liquid displaced 

4V 

or 800 x Vxg= — x p x g 

5 

or p = 800 x — 

K 4 


= 1000 kg m -3 

Hence the correct choice is (b). 

5. Refer to the solution of Q. 4 above. Notice that, 
although the buoyant force on the ice cube depends 
on the value of g, the fraction of the cube submerged 
under a liquid is independent of the value of g and 
depends only on the density of the body relative to 
that of the liquid on which it floats. Hence the correct 
choice is (a). 


6. When the beaker, with the block floating in the 
liquid, is falling freely under gravity, both its weight 
and upthrust will be zero. Hence the block will float 
with any fraction of its volume submerged. Thus the 
correct choice is (c). 

7. Volume of block = l\ Let h be the height of the block 
above the surface of mercury. Volume of mercury 
displaced = (/- h)l . 

Weight of mercury displaced = (/ - h)l p tn g. 


This is equal to the weight of the block which is 
Ps l 3 g- 

Thus (/ - h)l 2 p m g = p s l 2 g 


which gives 


h = I 


fl + 



V P m ) 


Hence the correct choice is (a). 

8. The weight of the floating ice is equal to the weight 
of water displaced by it. So, when the ice melts, the 
volume of water produced by the melting ice is equal 
to the volume of water displaced by the ice cube. 
Hence the correct choice is (c). 

9. The density of the liquid is p= 1.25 g cm ' which is 
higher than the density of water which is 1.0 g cm -3 . 
This means that for x grams of ice, the volume of 
the liquid displaced is x/p = jc'(say). But x grams of 
ice, on melting, will produce x cm 3 of water. Since 
x >x\ the level of liquid will rise. The volume of the 
liquid displaced by ice cube is less than the volume 
of the water formed when ice melts. Hence the 
correct choice is (a). 

10. Let the mass of ice be w, and the mass of stone 
be m 2 . The mass of the displaced water is equal to 


(m | + m 2 ). If p is the density of water, the volume of 
water displaced is 


V = (m , + m 2 )lp 


When the ice melts, additional volume of water 
obtained is m x /p. The stone sinks in water, and 
displaces a volume of water equal to its own volume, 
which is m 2 /p s where p s is the density of stone. Thus 

the total volume of extra water is V' = ^ 


Since 


P s > P< — < - 


1 1 
P s < P 


P Ps 


V' < V. Therefore, level of water in beaker 
decreases. 


11. Side of the cube / = 1 m. Base area of the cubical 
vessel = I 1 . Mass of water contained in a height 
dx = l 2 dxp. Weight of this water = Fdxpg. Therefore, 
work done in pumping out water up to a height x is 

dW = pgl 2 xdx 


Therefore, total work done in pumping out water up 
to a height / is 


2 p 1 

W = pgl~ jxdx = - pgl 



= - x 1000 x 10 x (1 ) 4 = 5000 J 
2 

Hence the correct choice is (c). 

12. The coefficient of viscosity rj is given by 

dv 


F =-ii A 


dx 


where F is the viscous force, A the area and dv/dx 
the velocity gradient. Thus, numerically 

= F 

^ A dv/dx 

Dimensions of r\ 

dimensions of F 

dimensions of A x dimensions of dv/dx 


MLT~ 2 
L 2 x LT~'/L 


= ML 'T 1 


Hence the correct choice is (a). 

13. Reynold’s number k is given by the relation 

n 

where z^ c is the critical velocity of a liquid of density 
p flowing in a tube of radius r. Therefore, the 
dimensions of k are 


Copyrighted material 



7.32 Complete Physics—JEE Main 


ML" 3 x L x LT~' 


= M°L°T° 


ML"'T"' 

Thus, Reynold’s number of dimensionless. 

14. Let r be the radius of each small drop. The volume 

of each drop = ^ nr 3 . Let R be the radius of the 

big drop formed when 8 small drops coalesce. The 
volume of the big drop will be 8 times that of the 
small drop. Hence 

4 3 r 3 

- kR = 8 x 4/r — 


or 

or 


R 3 = 8r 3 
R = 2 r 


i.e. the radius of the big drop is twice the radius of 
each small drop. Now, if the buoyancy of the drop 
due to air is neglected, the terminal speed of the 
small drop is given by 


v, = iBLA 

9 n 

The terminal speed of the big drop will be 
' 9 7] 

Dividing (i) and (ii), we have 

V, _ R 2 _ ( 2 rf 


(0 


(i<) 


= 4 


IK 


r 


or 


V, = 4v f = 4 x 6 = 24 cm s 


15. According to Bernoulli’s theorem, for a horizontal 
flow at a height h from ground level, 

1 2 1 2 

P 1 + - pv 1 + pgh=p 2 + 2 pv 2 + P 8 h 

or Pi = P\ + | p(v]-v 2 2 ) 

= P + \ p{v 2 -(lv) 2 } 

3 2 

= P~ r pv 

Hence the coirect choice is (a). 

16. Let h be the depth of the hole below the free surface 
of water, (see Fig. 7.38). 

According to Torricelli’s theorem, the velocity of 
efflux v of water through the hole is given by 

v = J2gh (i) 


The height through which water falls is 
S = H-h 



Fig. 7.38 

If t is the time taken by water to strike the floor, then 

c 1 i 1 

5= 2 * 


or 




giving 


/= j 2(H - h) 
g 


(ii) 


The distance R where the emerging stream strikes the 
floor is given by 

R = vt 

Substituting for v and t from Eqs. (i) and (ii), we get 
R = y/lgh x = 2x %/*(#-*) 


dR_ 

dh 


Hence the correct choice is (c). 

1 7. R will be maximum at value of h for which 
. d 2 R 

and —r- < 0 

dh 2 

Now R =2(hH-h 2 ) v2 
Differentiating with respect to /?, we have 


— = 2 x - (hH - h 2 y v 2 (H-2h)= 21 ^ 

dh 2 


= 0 


(hH-h 2 ) 


1/2 


(i) 


dR 


It is clear that - will be zero at a value of h given 

by dh 
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H-2h =0 

, H 
i.e. h = — 

2 


To find out whether 


d^R 

dh 1 


is negative at this value of 


/?, we differentiate Eq. (i) with respect to h to get 

drR __ 2/? | I (H-2h) 

dh 2 (H-h)' /2 l 4 h(H-h)’ 


Putting 
( d 2 R \ 


V 



7//=// 


h = HI 2, we have 

= - ^277 

/2 


which is negative. Hence R will be maximum at h = 
H12. Thus for range R to be maximum the hole must 
be exactly in the middle of the tank. 

18. Cross-sectional area of tube (A) = nR~. Cross- 
sectional area of each hole = nr 2 . Therefore, cross- 
sectional area of n holes (a) = nnr 2 . If v is the speed 
of ejection of the liquid through the holes, then from 
the continuity of flow, we have 

cm = A V 


or 


AV = kR 2 V 
ci nnr 2 


-f-1 

n V r ) 


Hence the correct choice is (d). 

19. Let p, and p 2 be the air pressures on the upper and 
lower surfaces of the wing. Then from Bernoulli’s 
theorem we have 

1 2 1 2 

P\ + “ PV]=P 2 + ~ PV 2 

where v x = \f2 v and v 2 = v. Therefore, the pressure 
difference is 

Pl~P\= \ P(V]-V \)= | {2V 2 -V 2 )= 

.*. Force of dynamic lift = pressure difference x 

surface area of wing 



which is choice (b). 

20. If m is the mass of the stone and V its volume, 
the weight of the water displaced by it = pVg = 

/?7 111 g 

p'x — x g = —— , where p' is the density of water. 

p k 

Therefore, k = p/p'. Thus, the buoyant force acting 
upwards is mgfk whereas the weight mg of the 
stone acts vertically downwards. Therefore, the net 


force in the downward direction = mg - mg/k = 


1 -- 

k 


mg 
stone, then 


. If a is the acceleration of the sinking 


( 


ma = mg 


i-13 

k 


or 


a =g 


i- 1 ! 

k ) 


Hence the correct choice is (c). 

21. After the levels in the two vessels become equal, 
the increase in height of the liquid in one vessel is 

— (h 2 - /7j) with the same decrease in height in the 

2 . 1 
other. Thus, effectively a slab of liquid — (h 2 - h x ) 

in thickness falls a vertical distance equal to its 

thickness under the action of gravity. Therefore, 

Work done by the gravity is 

W = m g x ^ (h 2 - /?,) 
where mass of the slab m is given by 

m = p x V= p x ^ (/7 2 - /?,) x A 

Therefore W = ^ p(f? 1 -h 1 )xA xgx ^ (h 2 - h x ) 

= \ pAg(h 2 -h l ) 2 


22. Let a cylinder with radius r be filled with a 
homogeneous liquid of density p up to a height h. 

Pressure at the bottom of the cylinder,/;, = p g h 
Pressure at the top of the liquid surface, p 2 = 0 
Average pressure on the sides of the cylinder, 


P = 


Pi + Pi 
2 


= Pgh/2 


Force on the sides of the vessel = average pressure x 
pgh 


area = 


x 2 k r li 


= nr p gh 2 

Force on the bottom of the vessel =/;, nr 2 
= p g h k r 

Two forces will be equal if 

12 t 2 

Kr pgh = p ghnr 


or h = r 
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23. The velocity of efflux through a hole is given by 

v = J2gh 

where h is the height of the tank. If the hole is at the 
top of the tank, v is obviously zero. Therefore, the 

average velocity of efflux v a = — x yj2gh = J— . 

If the volume of water in the tank, when it is full, is V 
and A the cross-sectional area of the hole, then time 
taken by the tank to be emptied is 


T = 


Av 


a 


sIlV 

Ay[gh 


V 


When the tank is half-full, V is replaced by — and 

h . ^. 

h is replaced by — . Therefore, time taken now is 


r = 


V 


T 


4ivii 


AyJgh/2 Ayfgh V2 


Hence the correct choice is (a). 

24. The volume of a liquid flowing per second through 
a capillary tube of length / and radius r, when a 
pressure difference P is maintained across its ends 
is given by 


Q = 


nPr 
8 tj! 


Q' = 


Pr 


2 Pr 


877 ( 3 //2) 3 877 / 


= — Q, which is choice (b). 

27. Since a bubble has two surfaces in contact with air, 
the total surface area of the bubble = 2 x (4k r 2 ) = 
8 nr 2 . Now work done = surface tension x increase 
in surface area 

= a x (8 nr 2 - 0) = 8/rr 2 (7 
Hence the correct choice is (d). 

28. Volume of big drop = ^ JtR*. If r is the radius of 

each tiny drop, the total volume of eight drops = 
32 

— nr \ Since the total volume remains 


4k 


8 x 

3 3 

unchanged, we have 

“ ^ 1 ** 


which gives r = — . Now, surface area of big drop = 
AnR 2 . 2 

Total surface area of eight drops = 32/rr“ = 8 kR 

(v r = Ri 2). 

Increase in surface area = 8 kR~ - 4 kR 2 = 4 kR~. 


where 77 is the coefficient of viscosity of the liquid. 
Since P is kept the same for tubes A and B , the correct 
choice is (d). 

25. A series combination of two identical capillary 
tubes, each of length / and radius r, is equivalent to 
a tube of length 2/ and radius r. Since O is inversely 
proportional to /, if / is doubled, Q becomes half. 
Hence the correct choice is (a). 

26. Since pressure difference across a tube is directly 
proportional to its length and the lengths of tubes A 
and B are in the ratio 2:1, the pressure difference 

2 p P 

across A and B is P„ = — and P,= — . If /' is the 

3 3 

equivalent length of the series combination, we have 

Q' =Qa + Qb 

Pr 4 2 P r A P r 4 

or - = —x-+ — x- 

877 /' 3 877 ( 2 /) 3 877 / 

1112 

or — = — + — = — 

V 3/ 3/ 3/ 



Work done = surface tension x increase in 
surface area 

= 4kgR 2 

Hence the correct choice is (a). 

29. Surface area of bubble of radius r = 4 Kr . Surface 
area of bubble of radius 2 r = 4;r(2r) = 16/rr . 
Therefore, increase in surface area = \6kv~ - 4k r 2 
= 12 7r/'~. Since a bubble has two surfaces, the total 
increase in surface area = 24 Kr . 

Energy spent = work done = 24 KOr 2 
Hence the correct choice is (d). 

30. For an air bubble is formed inside a soap solution, 
there is only one surface in contact with soap solution. 
Hence the correct choice is (b). 

31. If P 0 is the atmospheric pressure, the pressure outside 
the air bubble when it is at a depth h = P 0 + hgp. 
Therefore the total pressure inside the air bubble is 

P =p + P Q + hgp= — + P 0 + hgp 

r 

Hence the correct choice is (c). 
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32. The correct choice is (a). 

33. An extremely thin layer of a liquid can be regarded 
as a collection of a large number of semi-spherical 
drops. Hence the excess pressure across a thin layer 

of a liquid is — instead of — as in the case of 
r r 

a spherical drop, where r - d/2. Therefore, excess 
pressure is 

o o ? o 

P ~ 7 ” JJl~ 2 ~d 

Force due to surface tension pushing the two 
plates together is 

F = excess pressure x area of layer 

= 2 ^A 

~ ~d~ 

Hence the correct choice is (b). 

34. The height h is given by 

2(icos 6 


h = 


r Pg 


Hence the only correct choice is (b). 

35. Area of cross-section a = nr 2 . Therefore r— 4a/ n . 
In terms of a , the height to which a liquid rises in a 
capillary tube, is given by 

! _ locos 6 2 4no cos 6 

rpg 4a pg 

Thus, h is inversely proportional to 4a . If a is 
increased 4 times, h will decrease by a factor of 2. 
Hence the correct choice is (b). 

36. The vertical height does not depend on the angle of 
inclination. Hence the correct choice is (b). 

37. Let m be the mass of the ball and V its volume. Its 
mass m = p V. The weight of the ball is 

W = mg = p Vg 

The volume of the liquid displaced = V. If a is 
the density of the liquid, the weight of the liquid 
displaced is the upthrust U it experiences. 

U = Vog 

The net downward force acting on the body is 
F = W-U=(p-o ) Vg 
The initial acceleration is 


F _ (p-a)Vg _ (p-o s 


m pV 


g 


Hence the correct choice is (c). 


38. Refer to solution of Q. 37. The net downward force 
acting on the bob is 


F = (p- o) Vg = 


/ p - o ^ 

{ P > 


mg 

(v m = pV) 


or 


or 


mg 


g 


P-G 
P ) 


f p-o x 


mg 


g 


V P ) 

This is the effective acceleration due to gravity. 


V = 2n 


l_ 

g‘ 


= 2n 


pl 


(p-c)g 


( p 
p-O , 


1/2 


/ 


T 


vT -2n. I— 
g 


Hence the correct choice is (a). 


m 

39. Volume of the block = —. Now upthrust = weight 

P 

of w ater displaced = weight of volume m/p of liquid 

= mass of volume m/p of liquid x g = ———. This is 

P 

the upward force on the block due to buoyancy. The 
downward force on the block = its weight = mg. The 
tension in the string is the net upward force on the 
block which is 

mg 


T _ mag 
T - mg 


(cr-p) 


Hence the correct choice is (b). 

40. Since, loss of weight = weight of water displaced, 
the apparent mass of the balloon when completely 
immersed in water will be m, which is choice (d). 

41. Weight of the ball W= mg = o Vg. Upthrust U- pVg. 
Therefore, the net upward force acting on the ball is 

F = U- W=(p-o) Vg 

Now, mass of the ball is m = oV. Therefore, upward 
acceleration of the ball while it is rising in the liquid 
is 

Q = = (p-°)Vg = ( P~o \ r 

m oV l o y 

Velocity of the ball on reaching the surface of water 
is 

v = yjlahx (i) 
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This is the initial upward velocity of the ball in air. 
If it rises to a height h 2 in air, we have 


V = yjlgh 2 

Equating (i) and (ii), we have a /?, = g h 2 
h 2 _ a _ p-O _(p ' 


0>) 


or 


go 

Hence the correct choice is (b). 


^--1 

VO- 


42. Work done to blow a bubble of radius r is 


W=4kgc 


4 K 


In terms of volume F = — r , we have 


W = 4 KG 


3 

3F 
4 K 


( \ 2/ 3 


Now, work done to blow a bubble of volume 8 F is 

3 x 8 F 


f -> w o ir \ 2/3 


W' = 4 KG 


= 4 KG 


4 K 
3F 




4k 


x (8) 2/3 = 4 W 


Hence the correct choice is (b). 

43. From the equation of continuity of flow, we have 


or 


or 


or 


a x V\ = a 2 v 2 
nr\v x = nr \v 2 


v 2 _ n _ 


v , 


rA 


{my 


= 4 


v 2 = 4v { = 4v. 


Hence the correct choice is (d). 

44. The density of the mixture is 

total mass m x + m-> + nu H— + 
p = 1 2 3 " 


total volume M\ m 2 


m 


m. 


Pl Pi Pi, Pn 
For two substances mixed together, we have 
m i -Vm 2 _ (m, + /w 2 ) P 1 P 2 


P = 


m \ + m 2 (/«, p 2 + m 2 P \) 


Pi P 2 


Given m t = m 2 = m. Therefore, p = . ^P'P- ... Hence 
the correct choice is (d). ' ' 

45. The density of the mixture is 

m, + nu 

p = —!-- 

f,+k 2 


_ PA+P2Y2 


v x + v 2 


where F, and F-, are the volumes of the two 


substances. 


1 


Given F, = V 2 = V. Therefore, p = — (pj + p 2 ). 
Hence the correct choice is (a). 


46. We know that 


where 


Now 


I jp-C'tgr 1 
9 77 

* = 2 (p-g)g 
9 n 


Therefore r 2 = 


ryy\ 

4k) 


2/3 


. Thus 


v t = k 


r -i 

4n J 


2/3 


x V 


2/3 


Terminal velocity of the sphere of volume 8 F 
will be 

( 3 \ 213 

K; = )n—■ x (8 K) 2/3 = 4v, 

4K (8) 2/3 = 4] 

Hence the correct choice is (d). 

47. The average velocity in the first half of the distance 

0 + v v . .. . . 

= - = —; while in the second half, the average 

2 2 

velocity is v. Therefore, > h- The work done 
against gravity in both halves = mgh = mgL/2. Hence 
the correct choice is (d). 

48. Mass of water in first tube is 

m — Kr~hp 

xt c ♦ • h P8 r h'pgr' 

Now, surface tension g = - = - 

2 2 

where h' is the height to which water rises in the 
second tube and v its radius. Since r = 2/*, W = /?/2. 
Therefore, the mass of water in the second capillary 
tube is 

m - Kr' 2 h' p = K(2r) 2 — p 

= 2 Kr 2 h p = 2m = 2x5= 10 g 

Hence the correct choice is (c). 

49. The mass of the liquid in a column between .v and 
x + dx is 
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Notice that R remains the same if h and (H - /?) are 
interchanged. Thus, if hole A is at a height h above 
the ground, hole B must be at a distance (H - h) 
from the ground for R to remain the same. Hence the 
correct choice is (c). 

59. Refer to the solution of Q. 28. When a big drop 
breaks up into smaller drops, the total surface area 
of the smaller drops is more that the surface area of 
the big drop. The increase in the surface area can be 
brought about by supplying energy. Thus a big drop 
has to absorb energy to break up into smaller drops. 
On the other hand, when smaller drops coalesce to 
form a big drop, there is a decrease in the surface 
area. Hence energy is liberated in this process, which 
is choice (a). 

60. Since both balls have the same volume, they 
experience the same upthrust. Since the density of 
iron is greater than that of aluminium, the iron ball 
has a greater mass and therefore a greater weight; it 
therefore accelerates more and will reach the bottom 
before the aluminium ball. Hence the correct choice 
is (b). 

61. The rate of flow is given by 


Q = 


nPr 

8 / 7 / 


If / is doubled and r is halved, the rate of flow will 

( 1V Q O 

become — x — = — . Hence the correct choice 
is (d). W 2 32 

62. Stress = -. Therefore, dimensions of stress are 

area 

_^ 

dimensions of force MLT “ _ X/|I _i^_ 2 

^ AV X 1 • X 

dimensions of area L~ 

Hence the correct choice is (b). 

63. The correct choice is (b). 

64. The weight of the rope can be assumed to act at its 
mid-point. Now', the extension / is proportional to 
original length L. If the w r cight of the rope acts at 
its mid-point, the extension will be that produced by 
half the rope. So, replacing L by L !2 in the expression 
for Young’s modulus, we have 


FL/2 


2 Al 


i=IL = K£P 


2 AY 


Now p = 1.5 g cm 3 = 1500 kg m 3 , therefore 

^ . 10 X (8) 2 x 1500 . g x |0 -2 m 
2 x 5 x 10 6 


Hence the correct choice is (a). 

65. Here /, = and l 2 = . Therefore, 

nr{Y ~ nr 2 Y 


L = LlJ* 


/. 1 1 

Given L, = 2L, and r 1 = rJ 2. Thus — = — x —7 
1121 l 2 2 ( 2) 2 

= -. Hence the correct choice is (c). 

8 

66 . The coefficient of linear expansion is defined as 

increase in length / 

a = ---= — 

original length x temp.rise L6 


Increase in length / 
FL 


= aL6. Now 


F = 


Y Al YAaLO 


= YAaO 


(v F= mg and m = pV= pAL) 


Hence the correct choice is (c). 

67. The force Fean be assumed to act at the mid-point of 
the w ire. Therefore, the average force responsible for 
extension is F/2. Thus, the work done by the force 


— to produce an extension / in the wire = force x 

extension = — (F x /). Hence the correct choice is 
2 


68 . Energy stored per unit volume = — (stress x strain). 
But stress = Young’s modulus x strain. Therefore 

1 7 . . 

energy stored per unit volume = — Ye~ , which is 
choice (d). 

69. We have seen above that w'ork done by a force F to 
produce an extension / in the w'ire = — Fx I. Thus, 

the energy gained by the wdre = — Fx / = — x20x 

2» 2 

(1 x 10 ? ) = 10 2 J = 0.01 J. Hence the correct choice 
is (a). 


Copyrighted material 



Solids and Fluids 7.39 


II 


70. Refer to solution of Q. 68. Energy stored per unit 

1 

volume = — Fxr. Now 
2 

Strain (£)=- = - = - = 2.5 x 10 4 

L 4m 4m 

Energy stored per unit volume = — x 2.0 x 10 

x (2.5 x 10 -4 ) 2 = 6.25 x 10 3 Jm -3 . 

Volume of the wire = nr 2 L = AL = 3 x 10 6 x 4 = 
1.2 x 10 5 m 3 . Therefore, Energy stored in the wire 
= 6.25 x 10 3 x 1.2 x 10' 5 = 7.5 x 10 -2 J = 0.075 J. 
Hence the correct choice is (c). 

71. The decrease in volume is 

VP 


AV = 


p 


(i) 


This is to be compensated by an increase in volume 
by heating through a temperature 6. If a is the 
coefficient of volume expansion, the increase in 
volume is 

A V = aV0 (ii) 


Equating (i) and (ii), we get 0= - 

(a). “0 

72. The decrease in volume of gold is 

VP 


, which is choice 


AV = 


K 


(i) 


m 


If m is the mass of gold, its density p = —. Due 

to a decrease AV in volume, the increase Ap in the 
density is 

m pV 

Ap = - = 

AV AV 


or 


A 

Ap 


(ii) 


Equating (i) and (ii), we get Ap = 

Hence the correct choice is (b). 
73. We know that 

YAI Ylnr 2 


or 


F = 


/ = 


L 

FL 

7tr 2 Y 


L 


Since Y and F are the same for all wires, / °c — or / 

r 

~r . It is easy to see that is the highest for the 
d 2 d 2 

first wire. Hence the correct choice is (a). 


74. The breaking strength is proportional to the square of 
the diameter (foe d 1 ). Since the diameter is reduced 
to half, the breaking strength is reduced to one- 
fourth. Hence the correct choice is (c). 

75. When a wire of length L, cross-sectional area A and 
Young's modulus Y is stretched with a force F, the 
extension / in the wire is given by 



FL 

AY 


Since F and A are the same for the two wires, we 
have 

- j FL 

For copper wire 1 = -- 

AY,. 


For steel wire, L = 


AY.. 


I Y 

i=i c 

4 n 


= 1 mm x 


0.5 m 

1.0 m 


x 


1.0 x 10 n Nm~ 2 ^ 
^2.0x 10 u Nm -2 ) 


= 0.25 mm 


Total extension = 1 + 0.25 = 1.25 mm. 
Hence the correct choice is (a). 


76. 


Young’s modulus Y = 


Force constant k = 


F 

7 


F L 
A I 

_ Y A 
~~L 


where / is the extension in the spring of original 
length L and cross-sectional area A when a force F 
= Mg is applied. Now, the time period of vertical 
oscillations is given by 


T = 2n 





Hence the correct choice is (a). 

77. Work done per unit volume of the wire 

= — (stress x strain). 

y _ stress 
strain 

stress = Y x strain 
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Work done per unit volume 


= — x Y x (strain) 2 = — x Y x — 


But, volume of the wire = A 

Work done = — x Y x 
2 


x L 

fx] 

K L ) 


xAxL 


Y Ax 2 
2 L 


Hence the correct choice is (b). 

78. Pressure exerted by the piston on the liquid when 
a mass M is placed on the piston, P = Mg!A. This 
pressure is exerted by the liquid equally in all 
directions. Therefore, the surface of the sphere 
experiences a force P per unit area. The stress on the 
sphere is P = Mg!A. Now, the volume of the sphere 
is 



4 kR 2 

~T~ 


Due to stress, the change in the volume of the sphere 


AF = A 


r 4nR 3 ' 




Volume strain 


By definition, bulk modulus 


= 4ttR~AR 
AV 3 AR 


V 


R 


_ stress _ Mg!A 
K — 


or 


strain 3 AR/R 
AR Mg 


R 


3 KA 


Hence the correct choice is (c). 

79. Maximum stress = Young’s modulus x maximum 
strain 

= 2 x 10" x 1 O' 3 = 2 x 10 8 NrrT 2 

Maximum force (F) 

= maximum stress x area 

= 2 x 10 8 x 3 x 10 -6 = 600 N 

m , . F 600 

Maximum mass = — = - 

g io 

= 60 kg, which is choice (b). 


produced in them by a load F are given by 


and 



Lh 

A s Y, 

Lk 

A c Y c 


where Y s and Y c are the Young’s modulii of steel and 
copper respectively. It is given that l s = l c . 


Hence 


L.L = 


Y 

s s 

A c 

Y c 

M 

(r.) 


x J 

[yJ 


3x 10" 5 ^ 

( 2.0xl0 ,n 

,4x10 _5 J 

[l.OxlO 11 , 


3 

2 


81. Since the steel and copper parts of the wire are of the 
same cross-sectional area (A) and arc loaded with the 
same weight F= Mg , they are under the same stress 
( F/A ). Therefore, 

hh. = LA = L = Ma 

4 4 A A 


or 


_ Mg L s 
A Y s 


and 



y_g_ 4 

A Y c 


Extension of the composite wire is 


/=/,n=^ 


4 + 4 


\Y, 


Y. 


c / 


Substituting the given values, we find that I = 10 m 
= I mm. Hence the correct choice is (a). 


82. Pressure at the surface of the ocean = P 0 , the 
atmospheric pressure. Pressure at a depth = nP 0 
(given). 


.\ Increase in pressure (A/*) = nP 0 - P 0 

= (n-\)P 0 


Let Fbe the volume of a certain mass M of water at 
the surface, so that M = pV. The decrease in volume 
under pressure AP is 


AF = 


FA P 
B 


Volume of the same mass M of water at the 
given depth is 


V' = F- AF= F 


V AP 
B 


= F 


f AP' 
B , 


80. Let L s and L ( be the original lengths of the steel 
and copper wires respectively and A s and A c their 
respective cross-sectional areas. The stretchings 


F 

(B - AP) 
B 
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Density of water at that depth is 

0 ' = K=PL= P v 

P V' V' V 


B 


pB 


(B- AP) 
pB 


B-AP B -(n-\)P Q 
Hence the correct choice is (a). 

83. Since the rod is uniform, half its weight can be taken 
to act at its mid-point. Therefore, stress at mid-point 
is 

weight of suspended mass + weight of half the rod 
cross-sectional area 


Mg+-Mg 


2 A 


, which is choice (b). 


84. Young’s modulus Y = = -, where £ = -. 

strain e L 

Now, if the temperature of a rod is increased by ft 
the increase in its length due to thermal expansion is 

/ = aLO 

Strain e = — = a ft Now stress is 
L 

g = Ye = YaO 

For the two rods, the stress is 
<7j = Y l a [ 0 
and g 2 = Y 2 cx 2 9 

But a, = ct 2 (given). Hence T,a, 9 = Y 2 a 2 9 or 

T, a 2 3 TT , i , x 

— = —- = — . Hence the correct choice is (c). 

Y 2 a , 2 

85. Since the bubbles are in vacuum, the pressure of 


air inside them are P, = 


— and P^= —, where 


| — - aiiu i -) 

r, ~ r> 


I '2 

r, = 3.0 mm and r 2 = 4.0 mm. Since the temperature 
remains unchanged, we have from Boyle’s law 


P\ V l +P 2 V 2 = PV 


4(7 4 i 4(7 4 4 ct 4 3 

or- 7T/r +- Trr; = - nr (i) 

r 3 


-m\ +- -nri = 

}\ 3 r 2 3 


where r is the radius of the single bubble formed. 
From (i), we get r 2 = r\ 4 - r \ or r = yjr 2 + r 2 

= 0) 2 + (4.0) - = 5.0 mm, which is choice (a). 


86. Refer to the solution of Q. 28. Initial energy = 4nR a 
= nD’ G where R is the radius of the big drop. Final 
energy 

= (4 nr~)n G — nd~nG , where d = 2r, is the 
radius of each tiny drop. 

Now R ' = nr 3 or D 3 = nd 3 or D = n 13 d 
or d=D!n m . 

Therefore, final energy = *1° = nD 2 g n [ \ 


n 


2/3 


Hence, change in energy = n D G n l 3 - kD g 

= nD 2 (7(/7 ,/3 - 1), 

which is choice (a). 

87. Weight of the liquid in the capillary tube ( IV) = mg = 
nr~ hpg. 

hprg 


Now r 


G = 


or hpgr = 2 <7. 


So, IV =2 KGr = KG d. ( v d = 2 r) 

Hence the correct choice is (c). 

88. Since the mass of the liquid in the capillary tube 
can be considered to be concentrated at the centre of 
mass which is at a height /?/2, the potential energy is 

h h n(rh g) 2 0, ts 

PE =mg - = nr hpg - = - - - -(1) 

2 2 2 g 


Now 


hprg 2(7 

G ~ - or rhg = 


( 2 ) 


Using (2) in (1), we have 


PE = 


n 


2 g 


a 2(7 n 


V P J 


P = 


2kg‘ 

PR 


Hence the correct choice is (b). 

89. Force per unit area exerted on the needle due to 
liquid is 

p,- a ~ 

r 

Pressure exerted by needle on the liquid is 

mg _ nr~Ipg _ nrpg 


Pi = 


l(2r) 


21 r 


For equilibrium, P, = P 2 , i.c. 


° = Kr P8 

r 2 


2(7 


or 


r = 


KPR 

Hence the correct choice is (d). 
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90. F =2 ol. Work done is W = FS = 2 alS = 2 x 7.0 x 
10““ x 0.1 x 0.001 = 1.4 x 10“ N, which is choice 
(d). 

91. Let /* be the radius of the common surface and a the 
surface tension of the liquid. When the bubbles come 
together, the difference of the excess pressures on 
either side of the common surface must be equal, i.e. 

4a 4a 4a 


V Y 

which gives r - ■■ ] - 2 -, which is choice (a). 

r 7 ~ r \ 

92. The bubble will be in equilibrium at a depth h if 

2d , , 2(J 

excess pressure — = hpg or h = -. Given a 

r ro g 

= 7.0 x 10 2 Nm~\r = 0.7x 10 3 m,p = 10 3 kg m" 3 
and g = 10 ms -2 . Using these values, we get /? = 4x 

—9 

10 m = 4 cm, which is choice (c). 

93. Refer also to the solution of Q. 86. Work done is 


W = 4 kR 2 (n m - \)g = 4 ti R 2 


V r 


\ 


(1) 

(v R = n m r) 


Heat produced 


Q = msAT= ^ 71R 3 psAT (2) 


Equating (1) and (2), we find that choice (b) gives 
the correct expression for AT. 

94. W = 8 71 r 2 a. Now V= - 7tr\ Hence 

3 


W =8 KG 


(W) 

4k) 


2/3 


, i.e. W oc 



Hence the correct choice is (d). 

95. Total length of wire is L = 2 nR. Since the film is in 
air, force on frame = 2axL = 2ax 2nR = 4 kcjR. 
Hence the correct choice is (c). 

96. Tension = a x 2nr = 2nor, which is choice (b). 

97. Force = 2 nr x a + 2 Ttr 2 o - 2n(r x + r 2 )<? which is 
choice (a). 


98. Using Bernoulli’s theorem, we have 


or 


1 2 i 

- pv -p = pgh 




Now v = rco = r (2 n v). Using this in (1), we get 


. 2/rvV 

h = - 

Given, v = 2 rev. per second, r = 0.05 m, g = 10 ms “ 
and /r = 10. Using these values, we get h = 0.02 m 
= 2 cm, which is choice (a). 

99. The horizontal range of a jet of water emerging from 
a hole at a height /? below the surface of water is 
given by 

R =2 Jh(H-h) 


The upper hole is at a height 


(H 


T h\ 


from the 


bottom and the lower hole is at a height 


H i 
- rV 


from the bottom. Their depths from the surface 


H 


H 


\ 


are respectively I—-AjJ and I— + A 2 
horizontal ranges will be equal if 


. The 


2./I — + h 


--A, I =2 


(H , \(H , 

I - rl'y fl’y 

K 2 l )\2 


which gives A, = A 2 . Hence the correct choice is (a). 

100. Pressure at the bottom = hpg. Therefore, the force 
exerted at the bottom is F x = hpg x nr 2 . 

Now, since the mass of the liquid can be regarded 
as being concentrated at its centre of mass which is 

A 

at a height A/2, the pressure on the sides = — pg. 

2 . 

Therefore, force exerted on sides is 

F 2 = “ pgx 2 nrh. Given F x = F 2 , or 

hpg x TO’ 2 = pg x 2 nrh 
which gives r = A. Hence the correct choice is (a). 


101. Q x = 


n P x r x . _ nP>r? 


and Q 2 = 


2'2 


8/7/1 8; nl 2 

Since the tubes are connected in series, Q x = Q 2 


or 


7tjyi_ 

8 / 7 /, 


n P 2 r 2 
8/7/3 


or 


1 _ 


( / \ 


u 


x 


V *2 J 






n\ 

I 2 


x2 =8 


Hence the correct choice is (a). 
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102. When the sphere acquires terminal velocity, the 
upward viscous force equals the apparent weight in 
glycerine. Therefore, the magnitude of the viscous 
force is (here r is the radius of the sphere) 


P = ~ tf'' 3 (* ~y)g= — (x -y)g = mg 
3 x 

Hence the correct choice is (c). 

103. Radius R of the single tube is given by 


f 


V 


l-£ 

JC 


npR 

8 x\l 


Kpr 4 ( np(2r) 4 


8 i]l 


8 / 7 / 


or R 4 = r 4 + 16/ 4 or R = (17) 14 r which is choice 
(a). 

104. Let the densities of metal and water be p and 
p 0 respectively and let .v be the length of the rod 
immersed in water at an instant of time /. Then, 
acceleration at that instant = apparent weight divided 
by mass of the rod. i.e. 

dv _ nr 2 1pg-nr 2 xp 0 g = _ g X p Q 

g 


dt 


d v d x 


or 


dx dt 


or 


V 


dv 
d x 


= g 


g 


= g 


nr Ip 

\ 


Ip 


1- 


x 


a l 


1- 


ol 


1- 


X 

ol 


Integrating, we have 

v 2 

— =g \x~ 


2 (Jl 


',-± s 




2(7 


or 


v = j2gl 


1- 


2(7 


which is choice (c). 


105. Let p be the density of the sphere and p 0 that of 

water. Volume of metal = — n(R 3 - r 3 ) and volume 

3 

of water displaced = j nR 3 . From the principle of 
floatation, we have 

| n(R 2 - r 3 ) pg = ^ 7iR 3 pO g 


or 


(fl 3 - r 3 ) -P- = R 3 
Po 


or 


which gives 


(R 3 - r 3 )a= R 3 


R 

r 


(7 


V 


1/3 




Hence the correct choice is (c). 

106. Let h be the height of the block and A its area of 
cross-section. Weight of ice block = Ahg x 0.9. If x 
is the height of the block immersed in water, then the 
weight of water displaced = Axg. Equating the two 
we get x = 0.9 h. Height above the surface of water 
= /? - 0.9 h = 0.1 h = 0.1 x 5 m = 0.5 m. Hence the 
correct choice is (c). 

107. For a body falling freely under gravity, the effective 
value of g is zero. Hence upthrust is zero. Hence the 
correct choice is (a). 

108. Due to frictional force (which acts in a direction 
opposite to the direction of acceleration) on the rear 
face, the pressure in the rear side will be increased. 
Hence the pressure in the front side will be lowered. 
Hence the correct choice is (b). 

109. Weight of sphere = weight of mercury displaced + 
weight of oil displaced 


or 


or 


V V 

ypg = ~ x 13.6 x g + — x 0.8 x g 

13.6 + 0.8 ^ _ 3 

p = ---= 7.2 g cm 


Hence the correct choice is (c). 

110. The equation of continuity of flow is v 1 = v 2 a 2 
where v ] = 1.0 ms , a x = 10 m , v 2 = velocity of 
stream at h = 0.15 m below the tap. The value of v 2 
is given by 

v 2 2 =v] + 2gh 

= 1.0 + 2 x 10x0.15 =4.0 


or 


Now 


v-y = 2.0 ms . 


a, 1.0x10 


-4 


“2 = 


_ v \ “1 _ 


V- 


2.0 


= 5.0 x 10“ 5 m 2 


Hence the correct choice is (c). 

111. The ratio of volume of water flowing out per second 
is given by 


V\ _ i>, a x _ v x (L)' 


V 2 v 2 a 2 v 2 (7tR 1 ) 
fhe velocities of water flowing out are given by 

= Fgy and v 2 = V 2 g( 4 >0 


(i) 


Copyrighted material 



7.44 Complete Physics—JEE Main 


v , 


yflgy 


V■ 


'2 \I%gy 

Using (2) in (1), we have 
V x _ 1 Is 


\_ 

2 


V' 2 ;r/? 2 


Given F, = F 2 . Therefore 1 = 


or 


R = 


L 


4ik 


2 nRs 


which is choice (a). 


( 2 ) 


S S 

112. Let the strain be e. Then Y = — or e = —. Now 

£ Y 

1 1 0 5 

energy density = — stress x strain = — x S x — 


2 Y 


. Hence the correct choice is (c). 


113. Since the wire is uniform, i.e. its mass per unit 
length is constant over its entire length L , the total 
downward weight = the weight of the suspended 

mass + weight of length — of the wire or F = 


W x + 


3 W 


Stress = 


force 


area 


F 

5 


Wj + - W 
1 4 

5 


Hence the correct choice is (c). 


114. 


A L Stress 5x10 


L Y 

0.02 


2x10 


n 


= 2.5 x 10 -4 . Given 


AV 


100 

Now, 


= 2 x 10 


V = nr~L. Therefore, 

AV A(n r 2 L) 2nrArL +nrLAL 


V 


nrl 


nr 2 L 

.A r A L 

= 2 — + - 


2Ar 


or 


AV A L 4 

= 2 x 10 4 - 2.5 x 10" 4 


V 


L 


= -0.5 x 10 


or 


— =-0.25 x 10 4 


.*. Fractional decrease in r = 0.25 x 10 4 which is 
choice (d). 

115. Potential energy stored in the spring when it is 
extended by jc is 


U x = - kx 2 
2 

Potential energy stored in the spring when it is further 
extended by y is 

U 2 -\ k(x + y) 2 

Work done = U 2 - U x = — k(x+y) 2 - — kx 2 

2 — 

= i ky(2x + y) 

Hence the correct choice is (d). 

116. From Archimedes’ principle, F b - F t = upthrust = 
weight of volume V of the liquid. Here F h and F t 
denote the force exerted by the liquid on the bottom 
and the top of the cylinder respectively. Upthrust = 
pVg and F t = (nRsh ) pg. Hence 

F b = ( nR 2 h)pg + pVg = pg (nRsh + V) 

Hence the correct choice is (d). 

117. When the coin falls from the block, the weight of 
the system decreases. Hence the block rises up, thus 
decreasing /. When the block rises up, it will displace 
less water in the tank. Hence water level falls and h 
decreases. Hence the correct choice is (d). 


118. Stress = 


force 


area 

is given by 


W „ . 

—. Strain = 
A 


Al 

T 


. Young's modulus 


_, stress W/A W l 

Y= - = -= — x— (i) 

strain A III A l A 


Now, slope of graph is 


A / 4x10 


-4 


w 


80 


m/N. Using 


this in (i), we get (given / = 1 m and A = 10 6 itT) 

80 1 


Y = 


4x10 


-4 


X 


10 


-6 


= 2 x 10 n N/m 2 


119. 


On earth’s surface, a = 
In the mine, <7 = 


xprg 

2 

yprgj 

2 


Dividing, we get 


* = gj 
y g 


g 


l- 


R 


g 



Hence the correct choice is (a). 

120. If L is the initial length, then the increase in length 
by a tension F is given by 
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/ = 


F L 
nr 2 Y 


Hence 

4 L 

a-L + 1-L+ , ~ L + 4c 

nr~Y 

(i) 

and 

b = L + —-— = L + 5c 

/ T T 

(2) 


where c = —r— . Solving (1) and (2) for L and c 9 we 
nr Y 

get L = 5a - 4b and c = b - a. For F = 9 N, we have 

9L 

x = L + —-— 
nr 2 Y 

= L + 9c = (5a - 4ft) + 9(ft - a) 

= 5/? - 4a 

Hence the correct choice is (b). 

121. Poisson’s ratio is defined as 

A did Al Ad/d 

a = - or — = - (l) 


A/// 


/ 


a 


where c/ is the diameter and / is the length of the wire. 
The area of cross-section is 


, 2 nd‘ 

A = nr = 


K 


\ 


or 


log A = log [ —J + 2 log d 


Differentiating, we have 

A A A d 

- = 2 - 


A 

Ad 


or 


= - x 2% = 1% 
2 A 2 


( A A 


= 2 %, given 


Using this in (i) we have 
A/ = 1% 

/ 0.4 


= 2.5% 


(v (J= 0.4) 


Hence the correct choice is (b). 


122. Radius (r) = — = = 0.14 mm = 0.14 x 10 ’ m. 

2 2 

Now the height of liquid in the capillary tube is given 
by 


prg 


.*. Pressure /? 0 = pgh = pgx 


2a 2a 


prg 


r 


2 x 0.07 


0.14 x 10 


-3 


= 10 3 Nm 2 


.*. Pressure to be applied is P = P 0 + = 10 5 + 10 3 = 

100 x 10 3 + 1 x 10 3 = 101 x 10 ' which is choice (d). 


123. Velocity of efflux (v) = y]2 gd . Time taken 
r 2 h 


t = 


/. Range R = velocity x time = vt = \j2gd x — 

V g 


= y[4dtl 


R- 


9 A 

or R~ = 4 dh or d = —, which is choice (c). 

4/7 

124. According to the equation of continuity A { v { =A 2 v 2 , 
we have 


v \ _ A i _ 2A \ _ 2 


^9 


'1 


/l, 


(V ^9 = 2//,) 


Now mass flux = rate of mass of liquid flowing per 
unit area 


mass 


-s- time 


area 

mass of liquid 
area x time 

mass distance 

x- 


volume time 
= density x velocity of flow 
= pv 

Therefore, m ] = p ] v ] and m 2 = p 2 v 2 ■ Given m x = m 2 . 
Hence 

Pi v x =p 2 v 2 


or 


Pl = Hi = I 

p 2 o, 2 




V ^2 




= 2 


Thus, the correct choice is (d). 

125. Let T a and T B be the tensions in wires A and B 
respectively. If a A and a B are the respective cross- 
sectional areas, then 


Stress in wire A = 


_ l A 


a 


Stress in wire B = 


_ l B 


a 


B 


The stress in wires A and B will be equal if 
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T a T b T 4 a A 1 . . 
— = — or — = — = — (given). 


a 


a 


B 


T 


B 


a 


B 


Since the system is in equilibrium, the moments 
of forces T A and T B about C will be equal (see Fig. 
7.32), i.e. 

T A xx = T B x (L - x ) 


or 


Ta - L ~x 

T 


B 


1 L — x 

or — = - 

2 x 


21 


which gives x = —. Hence the correct choice is 
(c). 3 


126. Strain = 


Stress 


T 


Y oung's modul us a Y 


Strain in wires A and B will be equal if 


T 


A _ 


T 


B 


<*aYa 


a B^B 


or 


T a _ y a 


B 


B 


X 


^-2xi-l 


a 


B 


which gives T A = T B . Equating moments about C, we 
have 

T a X-x=T b x(L-x) 

which gives x = L- x or x = — (v T A = T B ). Hence 
the correct choice is (b). ^ 

127. Let L be the required length of wire. If A is its area 
of cross-section and p is the density of its material, 
the weight of the wire is 

W - mg = AL pg 

... swss - ^ . diBS. , Lpg 

area A 

or S = Lpg => L = S/pg 

128. Refer to Fig. 7.39. For vertical equilibrium 

T cos 0 = mg 
mg 


or 


T ~ 


cos 0 


If L is the original length of the wire, the increase in 
length is 

/= — 

AY 

_ / T mg 

Strain = — = - = - 

L AY AY cos 9 



129. Let V be the volume of the metal at normal pressure. 

P 


From B = - 


AV/V 


, the decrease in the volume when 


the metal is subjected to an excess pressure p is given 
by 


m - sL 

B 

New volume of metal is V' — V - 


pV _ 


i 


B 


= V 


" 


\-T 

B 


Now mass of the metal is m = pV. Therefore, its new 
density is 


or 


Pi = 

P 


m 


pV 

V 

V 




l B) 


1 

, which 

1- 

p/B 



1- 


B 


a or. Mg . A L 

130. Stress = -, strain = -, volume = AL 

A L 

Energy stored in wire is 
U = energy stored per unit volume x volume 


= |^stressx strain J x volume 


1 I m 8 AL \ 

= - x -^-x — I x AL 

2 \ A L 

= ~MgM 


(MgTL 
2 AY 


v A L = 


MgL 

AY 


If AT is the rise in temperature, then U = ms AT, i.e. 

2 AY 
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AT = 


(Mg) 2 L 
2 AY ms 


which is choice (a). 


The correct choice is (b). 

132. Poisson's ratio a is defined as 


131. Let M be the mass of the rubber cord, L its length, 
A its cross-sectional area (assumed constant). Let us 
first find the elongation dl of an element AB of length 
dy at a distance y from the fixed end (Fig. 7.40). The 
force due to the weight of the cord is maximum at 
P(y = 0) and zero at Q(y = L). Therefore, the force 
acting at the element is 

F=^(L-y) (1) 

This force is responsible for the elongation of 
element AB. Now 

y _ stress _ F/A _ Fdy 
strain dlldy Adi 


or 




lateral strain A r!r 

cj = - = - 

longitudinal strain A/// 

where r is the radius of the wire and / its length and 
Ar is the change in r and A/ the change in / when the 
wire is subjected to tension. 

Volume of wire before elongation is 
Vj = TCr 2 ! 

Volume of wire after elongation is 
V 2 = n(r - Ar) 2 (/+A/) 

Given V ] = V 2 . Thus 

nr 2 1 = n(r - Ar) 2 (/ + A/) 

= Jt[r 2 - 2r(Ar) + (Ar) 2 ] (/ + A/) 

= nr 2 (l + A/) - 2 nr Ar (/ + A/) 
+ n(Ar) 2 (/ + A/) 


///// / //////////// 


dy 

_L 



B 


Q 


Fig. 7.40 

Using Eq. (1) in Eq. (2), we get 

di = F!s_ (L _ y)d 

LAY 

To obtain the total elongation / of the cord, we 
integrate from y = 0 to y = L. Thus 


l -l‘ t '=77fS( L -yw 


Mg 


LAY 


Mg 


Ly - — 
2 


o 


LAY 


I 2 ^ 
L 2 - — 


MgL 
2 AY 


Since Ar and A/ are very small, terms of order Ar A/ 
and (Ar) 2 and higher can be ignored. Then, we have 
nr 2 1 = nr 2 / + nr 2 Al- 2 nrl Ar 


or 


• • 


rAl =2 /Ar or 


A/ =2 Ar 
/ r 


A r/r 
<7 = - 

Alii 



which is choice (d). 

133. Let /? be the initial height of the liquid of density p 
in the container of cross-sectional area A. The mass 
of the liquid in the container initially is (Fig. 7.41) 



Fig. 7.41 

m = Ahp 


From Torricelli’s theorem, the velocity of the liquid 
flowing out of the hole is 

V = yj 2 gii 

.*. Volume of liquid flowing out per unit time = av. 
Hence the mass of liquid flowing out per unit time = 
pav. Therefore, the momentum carried per unit time 
by the liquid flowing out is = (mass per unit time) x 
velocity = (pcw)v = pair. 
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This is the rate of change of momentum of the liquid 
flowing out which is the force with which the liquid 
flows out at t = 0. 

.... , . force pav 2 av 2 

Initial acceleration = - = -= - 

mass Ahp Ah 


2 ga 
A 


which is choice (c). 


134. When 75% of the liquid has drained out, the height 
of the liquid in the container will be h' = /7/4. For this 
height, 

Velocity of liquid flowing out (v') 

= 


Now, 


h 

v' 


—. Hence 
Ap 

I m 
V 2Ap 



135. Refer to Fig. 7.42. Let v be the velocity of efflux and 
Fbe the velocity with which the water level in the 
tank falls. From the equation of continuity of flow, we 
have av = AV or 






Tank 


Hole 


T 

h 

_L 


V 


Fig. 7.42 

From Bernoulli's theorem, we have 

\ pV 2 + pgH=P 0 + i pv 2 + pgh 

which gives v 2 = V 2 + 2g (H - h) 

Using (1) in (2), we get 

v 2 = 2g (H - h) _ 2 x 9.8 x (2.0-0.75) 


(2) 


= 25 


1 - 


a 

A) 


1 - 0.2 


which gives v = 5.0 ms Hence the correct choice 
is (c). 

136. Let v be the horizontal speed of water when it emerges 
from the nozzle. From the equation of continuity, we 
have 

AV - av 

or v = - (1) 

a 

Let t be the time taken by the stream of water to strike 
the ground. The horizontal and vertical distances 
covered in time t arc 


R =vt 

(2) 

h - 

(3) 


From Eq. (3) we have t = 
Eq. (2), we get 



. Using this value in 


R 




Using Eqs. (1) and (4), we have 


_ AV \2h .... . . 

R = - — , which is choice (d). 

“ \ g 


137. The terminal velocity is 


_ 2 (p-o)rg 


v = - 
r 9 


n 


The rate of production of heat (or power dissipated) 
is given by 

P =fv t , where/= 6xrirv ( 

P = 6 7TTirv t x v, 


= 6 7irjr 


2 (p-o)r 2 g 
9 n 


211 ) 


(p-af 


5 

r 


i.e.p oc r Hence the correct choice (d). 


138. As indicated in the question as the ball enters the 
water it has already attained the terminal velocity. 
Terminal velocity is reached when the viscous force 
(acting upwards) balances the weight mg of the ball. 
Therefore, 

6 n r\ rv = mg 
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where 6 mjrv is the viscous force on the ball. Here v 
its terminal velocity and 77 , the coefficient of viscosity 
of water. If p is the density of the material of the ball, 


we have m = 


or 


v = 


4 3 

- 

lr 2 pg 


, ^ 1 

6 nr)rv = - nr pg 


977 


Now 2 - 0 = 2 gh 


h = 


v‘ 


2 g 


(i) 


( 2 ) 


From (1) and (2) we find that h <* /* 4 , which is choice 
(c). 


139. Let p u and p k be the densities of water and kerosene. 
The initial weight of the liquid in the vessel = h w p w 
ag + h k p k ag where h w and h k are the thicknesses of 


water and kerosene layers and a is the cross-sectional 
area of the vessel. Let this weight be equivalent to 
water layer of thickness //, then 

hp w ag = h w pjig + h/ftipg 


or 



K + h 


k 



V Pw J 


= 0.4 + 0.3 x 0.8 = 0.64 m 
From Torricelli’s theorem, the velocity of efflux is 

V = s[lgh 

o 

= yJ2x 10x0.64 = -J= ms’ 1 

V5 


Hence the correct choice is (d). 


2 


SECTION 


Multiple Choice Questions Based on Passage 


Questions 1 to 4 are based on the following passage. 

Passage I 

One end of a string of length L and cross-sectional area A 
is fixed to a support and the other end is fixed to a bob of 
mass m. The bob is revolved in a horizontal circle of radius 
r with an angular velocity a> such that the string makes an 
angle 0 with the vertical. 

1. The angular velocity co is equal to 


(a) 


'gsin 0 


(b) 


(c) 


'gtanfl 


(d) 


'gCOS0 


r 


'gcotQ 


2. The tension T in the string is 
mg 


(a) 


(c) 


COS0 

tan# 


(b) 


mg 

sin 0 


(d) w(g 2 + rV) 12 


3. The increase A L in length of the string is 


(a) 


(c) 


TL 
AY 
MgL 
AY sinO 


(b) 


(d) 


MgL 


A Y cos 6 
MgL 


AY 


4. The stress in the string is 


(a) 

mg 

A 


(b) 

mg 

A 

f 

1- 

(c) 

mg 

S + T| 

(d) 

mg 

f r > 

A 

V L) 

A 

v L) 


r 

L 


'H'% Solutions 


v 21 

o' 


Refer to Fig. 7.43. The vertical component Tcos 0of tension 
T balances the weight mg and the horizontal component T 
sin 0 provides the necessary centripetal force. Thus 
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mg 


T cos 6 
T sin 9 = mrox 


( 1 ) 

( 2 ) 


1. Dividing (1) and (2) 


or 


tan 6 = 


co = 


rco 


V 


g tan 6 


r 


Hence the correct choice is (c). 

2. From Eqs. (1) and (2) we find that the correct choices 
are (a) and (d). 

T . A L stress 

3. Stress = — .Also strain —— = ——— 

A L Y 


AL = 


TL 


mg 


x 


AY cosO AY 
Hence the correct choices are (a) and (b) 

4. The correct choice is (a). 

Questions 5 to 7 are based on the following passage. 

Passage II 

Two blocks of masses m and M = 2 m are connected by 
means of a metal wire of cross- 
sectional area A passing over a 
friction less fixed pulley as shown in 
Fig. 7.44. The system is then 
released. 

5. The common acceleration of 
the blocks is 

(a) g 


<»? 


(c) 


(d) 


2 g 
3 

3 g 



(a) 

mg 

A 

(b) 


3 mg 


(c) 

4 A 

(d) 


6. The stress produced in the wire is 

2 mg 

3 A 

4 mg 
3 A 

7. If m = 1 kg, A = 8 x 10 9 m 2 , the breaking stress = 2 
x 10 Nm ~ and g = 10 ms , the maximum value of 
M for which the wire will not break is 

(a) 4 kg (b) 6 kg 

(c) 8 kg (d) 10 kg 


I'/'X Solutions 

'V"° 

If a is the common acceleration of the blocks and T the 
tension in the wire, then the equations of motion of the 
blocks are 

Mg- T = Ma (1) 

and T- mg = ma (2) 

5. Adding Eq. (1) and Eq. (2), we get 

(M - m)g 
(M + m) 

For M = 2 /;?, we get a = g! 3, which is choice (b). 

6 . From Eqs. (1) and (2), T = m(g + a) = m(g + g/ 3) = 4 

mg/ 3. 

T 4 mg 

Stress = — = — , which is choice (d). 
A 5A 

7. Breaking stress is the maximum stress the wire can 
withstand. From Eqs. (1) and (2) 


T = 


2/77 Mg 
(M + m) 


T 

Breaking stress = — = 


2 mg 


1 + 


m 


M 


max 7 


Using the given values, we get M max = 4 kg, which 
is choice (a). 

Questions 8 to 11 are based on the following passage. 

Passage III 

A large container of negligible mass is open at the top and 
has a uniform cross-sectional area A. It has a small hole 
of cross-sectional area a (« A) in its side wall near the 
bottom. The containar is kept on a horizontal frictionless 
floor and contains a liquid of density p and mass m filled 
up to a height h from the bottom. 

8. The initial rate of change of momentum of the liquid 
flowing out from the hole is 

(a) pagh (b) pAgh 

(c) Ipagh (d) IpAgh 

9. The initial force with which the liquid flows out from 
the hole is 


(a) I 


(c) 


2 a 


mg 


mg 


( A\ 

(b) — mg 

v a ) 


(d) 


(2 A 


V a 


mg 
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10. The initial acceleration of the container is 


(a) zero 

(b) g 

Ag 

n 

(d) - 

(C) 2* 


2ag 


11. The velocity of efflux when 75% of the liquid has 
drained out is 


(a) 


(c) 


'gh 

2 


(b) yfgh 


(d) 


'3 gh 


Solutions 


8 . Pressure at the bottom (hole) is P = hpg . 
Force at the hole is 


F = pressure P x area a of the hole = hpga 

From Torricelli’s theorem, the velocity of the liquid 
flowing out of the hole is 

V = Jlgh 


.*. Volume of liquid flowing out per unit time = av. 
Hence, the mass of liquid flowing out per unit time = 
pav. Therefore, the momentum carried per unit time 
by the liquid flowing out is = (mass per unit time) x 
velocity = (pav)v = pair. 


9. 


Thus, the rate of change of momentum of the liquid 
coming out of the hole = pav = pa x 2gh = 2pagh, 
which is choice (c). 

Force = rate of change of momentum = 2pagh = 


(2a) 

k A J 


mg (v 


m = pAh). Hence the correct choice 


is (c). 

10 . Initial acceleration of container is due to the backward 
reaction force exerted on the container by the liquid 
emerging from the hole. The action force = rate of 

change of momentum of the emerging water = 
mg which equal and opposite to the reaction force 



on the container. Hence the backward acceleration 


of the container = 


backward force 


mass 


2a \ 

Va) 


g, which 


is choice (d). 

11. When 75% of the liquid has drained out, the height 
of the liquid in the container will be /?' = h/4. For this 
height. 

Velocity of liquid flowing out (v') = yj2gh' = 




which is choice (a). 


Questions 12 to 14 are based on the following passage. 


Passage IV 

A cylindrical tank of cross-sectional area A rests on 
a platform of height H from the ground as shown in 
Fig. 7.45. It has a hole of cross-sectional area a on the side 
wall at the bottom. The tank is filled with water to a height 
h. The plug is removed from the hole. 



12. The initial speed with which the water hits the 
ground is 

(a) (b) [2 g(H 2 + h 2 ) m ] m 

(c) n/2 g(H + h) (d) 

13. The stream of water strikes the ground at a distance 
R given by 

(a) 4hH (b) sl2hH 

(c) 2V/>77 (d) J(h 2 + H 2 ) 

14. The time taken to empty the tank to one-fourth of its 
original volume of water is 

A [2/1 

(b) -J— 

a\g 

a [2 ~H 

<d) ih 

r/'S. Solutions 

12. Velocity of efflux from the hole is v x = \j2gh . This 
is the horizontal velocity, which remains unchanged. 
Vertical velocity on striking the ground is v v = 

yj2gH (use a 1 = v 2 + 2 as). 


A 

(a) - 
a 

A 

(c) - 
a 


h_ 

IT 

2 g 


The resultant speed with which the water strikes the 
ground is 

V= aK + V 2 . = J2 g(H + h) 

Hence the correct choice is (c). 
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13. Time taken by stream to strike the ground is 
t = 


'2 H 


/ 2 /y 

.\ R = v x xt= Jlgh x - = 2\fhH , which is 

V g 

choice (c). 

14. As water flows through the orifice, the level of water 
in the tank keeps falling with time. If .v is the height 
of the water level at an instant of time /, then the 
instantaneous speed of water flowing out is 

V x = P~gx 

If a is the cross-sectional area of the orifice, the 
volume of water flowing per unit time at that instant 
= av x = a yj2gx . This must be equal to the rate at 
which the volume of water in the tank decreases at 
that instant which is given by - A dx/dt , where A is 
the cross-sectional area of the tank. The negative 
sign indicates that height x of water decreases with 
time. Thus 

_ dx 

a yJ2gx —d 


or 


dt = - 


dt 
Ad x 

as[lgx 

A 

ayjlg 


X 


- 1/2 


dx 


(i) 


The time t taken to empty the tank to one-fourth its 
original volume is obtained by integrating (1) from 
x = h to x = hi A. Thus 

, '" r 4 

.- 1/2 


t= - 


“yflg 

A 


x 


dx 


ay[2g 

2 A 


x 


1/2 


hf 4 


ay[2g 


1/2 



h 

Va > 

1/2 1 
. 1/7 

- 





h 

a\2g 


, which is choice (a). 


Questions 15 to 17 are based on the following passage. 

Passage V 

A cylindrical tank is open at the top and has cross-sectional 
area a,. Water is filled in it up to a height h. There is a hole 
of cross-sectional area a 2 at its bottom. Given a x = 3 a 2 . 


15. The initial velocity with which the water falls in the 
tank is 

(a) pgh 

(b) Jgh 


(d) 

16. The initial velocity with which the water emerges 
from the hole is 

(a) ~4gh 

(b) 

(c) 

(d) 2yjlgh 

17. The time taken to empty the tank is 

2/7 

<a) V* 

A [k 

,b) 4 \li 

<•>•]? 

„ \2h 

(d) y s 

Solutions 





15. Let z/, be the initial velocity of water in the tank and 
v 2 the initial velocity of flow of water from the hole, 
then from continuity of flow (Fig.7.46), 



Fig. 7.46 

= a-y v 


v \ = 


2^2 

V 

^ a \) 


v 2 = 


V 2 


(1) 


Applying Bernoulli’s theorem at A andS, 

1 7 1 7 

p o + Pg h + 2 P V ~\ =P o + 2 pV 2 

=> V\ =v\- 2 gh 

I 


(2) 


Using (1) in (2), we get i>, = —yfgh, which is choice (d). 

16. v 2 — 3f[ = ~yfg^ ■ Hence the correct choice is (c). 

17. As h decreases with time, we have 

dh 


»i = - 


dt 
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dt = - 


-dh 


x h-' 12 dh 


Vg 

The time taken to empty the tank is obtained by 
integrating from h = h to h = 0. Thus 

/=--T ]h~' l2 dh 

yjg h 

=-p=(0— 2 yfh) = 4 j- 

\S Vg 

Hence the correct choice is (b). 

Questions 18 to 20 are based on the following passage. 

Passage VI 

A container of large uniform cross-sectional area A resting 
on a horizontal surface, is filled with two non-mixing and non 
viscous liquids of densities d and 2 d, each to a height H! 2 as 
shown in Fig. 7.47. A tiny hole of cross-sectional area a (« 
A) is punched on the vertical side of the container at a height 
h = 77/4. 



Fig. 7.47 


The initial speed of efflux of the liquid from the hole 

is 


(a) lyjlgH 

(b) 2 JgH 

(c) 

(d) 

The horizontal range x of the liquid initially is 


77 

(a) H 

(b) 72 

H 

77 

(C) ~2 

(d) 2 V 2 

The height h of the hole from the ground for which 

the horizontal range .v is 

maximum is 

III 

3 77 

(a) 3 

<b> 2 

3 H 

77 

(C) 4 

(d) T 


;V -% Solutions 

'v"° 

I 8. Let i7, be the initial velocity of the fall of liquid level 
in the container and v 2 the velocity of efflux from the 

( 

hole. Then Av x = av 2 o r = I i7 2 . since a « ,4, i> 2 
- 0. Applying Bernoulli’s theorem at a point on the 
top of the liquid and at the hole, we have 

1 9 (H\ (H' 

P Q + ^dv 2 x +dg\-U{2d)g\- 


= ^0 + 2 v 2 + 8 h 


Putting i;, = 0, we get 


*>2 = 


A nl/2 

-H-2h g 

LI2 r. 


Putting h = 77/4, we get i? 2 = yfgH which is choice 

(d). 


19. Time of fall/ = 


'2 h 
g 


.Horizontal range is 


x = v~> t = 


nl/2 


-77-2/? \g 
2 ^ 


x 



= [/7(3T7-4/?)] 


1/2 


( 1 ) 


7/ 


putting h = 77/4, we get.v = —j= , which is choice (b). 

v 2 

20. To determine the height h at which the range x is 
maximum, we differentiate (1) with respect to h and 
dx 

set — = 0, i.e. 


dh 


[3Hh - 4h 2 ] U2 = 0 


or 


d_ 
dh 

| [3 Hh - 4h 2 Y u2 x (3 H- 8 / 7 ) = 0 


which gives 377 - 8/7 = 0 or h = ~ 77. Notice that 
(377/7 - 4/r) ~ cannot be zero since this would give 
jc = infinity which is not possible. Hence x is maxi¬ 
mum (= x m ) at a value of h given by 

3 

h -l H 

Using this value of h in (1), we get 

iI/2 


= 


3 

( 12 ^ 


-77 

3 H - H 


8 

l 8 ) 



3 

-4 H 


Hence the correct choice is (c). 
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3 

SECTION 


Assertion-Reason Type Questions 


In the following questions. Statement-1 (Assertion) is 
followed by Statement-2 (Reason). Each question has the 
following four choices out of which only one choice is 
correct. 

(a) Statement-1 is true, Statement-2 is true and 
Statement-2 is the correct explanation for 
Statement-1. 

(b) Statement-1 is true, Statement-2 is true but 
Statement-2 is not the correct explanation for 
Statement-1. 

(c) Statement-1 is true, Statement-2 is false. 

(d) Statement-1 is false, Statement-2 is true. 

1. Statement-1 

The length of an elastic string of initial length L is 
a metre when the tension is 4 N and h metre when 
the tension is 5 N. The length of the string (in metre) 
when the tension is 9 N is (a ~ h - L) 

Statement-2 

The extension of an clastic string is proportional to 
the initial length of the string. 

2. Statement-1 

Steel is more elastic than rubber. 

Statement-2 

The Young's modulus of steel is greater than that of 
rubber. 

3. Statement-1 

The stretching of an elastic spring is determined by 
the shear modulus of the material of the spring. 

Statement-2 

For a given stretching force, the amount of stretching 
depends on the force constant of the spring. 

4. Statement-1 

Figure 7.48 shows that stress-strain curves for two 
different types of rubber. Rubber A rather than rubber 
B should be used as a car tyre. 



Stress 


Strain-► 

Fig. 7.48 



Statement-2 

Rubber A dissipates larger amount heat energy than 
rubber B. 

5. Statement-1 

Two wires A and B have the same cross-sectional 
area and are made of the same material but the length 
of wire A is twice that of B. For a given load, the 
extension of A will be twice that of B. 

Statement-2 

For a given load the extension of a wire is proportional 
to its length. 

6. Statement-1 

Two wires A and B have the same cross-sectional 
area and are made of the same material but the length 
of wire A is the twice that B. For a given load, the 
strain in wire A is twice that in B. 

Statement-2 

For a given load, the extension in a wire is proportional 
to its length. 

7. Statement-1 

Two wires A and B have equal lengths and are made 
of the same material but the diameter of wire A is 
twice that of B. For a given load, the extension of B 
will be four times that of A. 

Statement-2 

For a given load, the extension of a wire is inversely 
proportional to its area of cross-section. 

8 . Statement-1 

Two wires A and B are made of the same material. 
The length of wire A is twice that of B but the 
diameter of A is half that of B. For a given load, the 
strain produced in B will be twice that in A. 

Statement-2 

For a given load, the extension produced in a wire 
is directly proportional to its length and inversely 
proportional to the area of cross-section. 

9. Statement-1 

When a material is subjected to a tensile (stretching) 
stress, the restoring forces are caused by interatomic 
attraction. 
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Statement-2 

Restoring force is called into play in an elastic 
material by an inherent property of the material and 
not due to interatomic attraction. 

10. Statement-1 

When a material is subjected to a compressional 
stress, the restoring forces are caused by interatomic 
repulsion. 

Statement-2 

The atoms of a material never repel. 

11. Statement-1 

To keep a piece of paper horizontal, we should blow 
over it and not under it. 

Statement-2 

In a steady flow of a fluid, the total energy of a given 
mass of a fluid is conserved. 

12. Statement-1 

If we plug a running water tap with our fingers, fast 
jets of water gush through the opening between in 
fingers. 

Statenient-2 

The pressure of water at the opening increases due to 
the decrease in the area. 

13. Statement-1 

When a fluid Hows out of a small hole in the sides of 
a vessel, a backward force is exerted on the vessel. 

Statement-2 

The total energy of a given mass of a fluid in motion 
is conserved. 

14. Statement-1 

If a liquid is a vessel is stirred and left to itself, the 
motion disappears after sometime. 

Statement-2 

The moving liquid exerts equal and opposite reaction 
force. 

15. Statement-1 

The critical velocity of a liquid flowing through a 
tube is inversely proportional to the radius of the 
tube. 

Statement-2 

The velocity of a liquid flowing through a tube is 
inversely proportional to the cross-sectional area of 
the tube. 


16. Statement-1 

The viscous force experienced by a steel ball 
moving in a liquid is less than that experienced by 
an aluminuim ball of the same radius moving in the 
liquid with the same speed. 

Statement-2 

The density of steel is greater than that of aluminuim. 

17. Statement-1 

The terminal velocity of a small steel ball falling in 
a liquid is more than that of an identical aluminuim 
ball falling in the same liquid. 

Statement-2 

The density of steel is greater than that of aluminuim. 

18. Statement-1 

No net force acts on a body falling in a liquid with a 
velocity equal to the terminal velocity. 

Statement-2 

The weight of the body is balanced by the upward 
buoyant force. 

19. Statement-1 

A very light spinning ball can be held hanging in air 
by blowing air as shown in Fig. 7.49. 



Statement-2 

The weight of the ball can be balanced by upthrust 
due to viscosity of air. 

20. Statement-1 

The uplift of the wing of an aircraft moving 
horizontally is caused by a pressure difference 
between the upper and lower faces of the wing. 

Statement-2 

The velocity of air moving along the upper surface 
is higher than that along the lower surface. 
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TSolutions 

1. The correct choice is (d). If L is the initial length, then 
the increase in length by a tension F is given by 

FL 


/ = 


nr 2 Y 


Hence 


and 


where c = 


ci — L + / — L + 


4 L 


nr 2 Y 


= L + 4c 


b = L + 


5 L 


nr 2 Y 


= L + 5c 


(1) 


( 2 ) 


nrY 


. Solving (1) and (2) for L and c, we 


get L = 5 a - 4b and c = b - a. For F = 9 N, we have 

9 L 


x = L + 


nr 2 Y 


= L + 9c 


= (5a - 4b) + 9 (b -a) = 5b - 4a 

2. The correct choice is (a). 

3. The correct choice is (b). If a spring is stretched, the 
total length of the wire of the coil and the volume 
of the wire, both do not change. Only the shape (or 
configuration) of the coils of the wire undergoes a 
change. Hence, the stretching of a spring is not 
determined by Young’s modulus or bulk modulus. It 
is determined by the shear modulus. 

4. The correct choice is (c). The area of the hysteresis 
loop for rubber A much smaller than that for rubber 
B. This implies that rubber A dissipates a smaller 
amount of heat energy than rubber B. Consequently, 
tyres made of rubber A will not get heated to a high 
temperature. This prevents wear and tear of tyres. 

FL 


5. A L = 


AY 


. Since the two wires are made of the same 


material, the Young’s modulus Y is the same. Since 
F and A also the same, A L L. Hence the correct 
choice is (a). 

6. The correct choice is (d). 

_ . AL F 

Strain = — = - 

L AY 

Since F, A and Tare the same for the two wires, the 
strains in them are equal. 

7. Area of cross-section A = nd / 4, where ci is the 
diameter of the wire. Thus 


A L = 


4 F L I 

•— or A L oc — 


nd 


2 T 


Hence the correct choice is (a). 


8. Strain - = ——- . Thus strain —- . 

L nd 2 Y d 2 

Hence strain in B will be four times that in A. Thus 
the correct choice is (d). 

9. The correct choice is (c). When the material is not 
subjected to any stress, its atoms are in their normal 
(equilibrium) positions. When a tensile stress is 
applied, the distance R between atoms becomes 
greater than their equilibrium separation R 0 . For R > 
R 0 , the interatomic force is attractive and this force 
provides the restoring force under which the material 
regains its original shape and size when the stress is 
removed. 

10. The correct choice is (c). When the material is 
subjected to a compressional stress, R becomes 
less than R 0 and in this case the interatomic force is 
repulsive which causes the restoring force. 

11. The correct choice is (a). If we blow over a piece 
of paper, the velocity of air moving along the upper 
surface of the paper is higher than that along the lower 
surface. From Bernoulli’s theorem of conservation of 
energy of a fluid flow, the air pressure on the upper 
surface will be less that on the lower surface causing 
an uplift of the paper. 

12. The correct choice is (c). The cross-sectional area of 
the opening between fingers is very small compared 
to that of the tap. From continuity of flow, the speed 
of water emerging from the opening is very high. 

13. The correct choice is (c). The water emerging of 
from the hole has a momentum. From conservation of 
momentum, the vessel acquires a recoil momentum 
in the backward direction and hence a backward 
thrust. 

14. The correct choice is (c). The motion stops due to 
viscosity of the liquid. 

15. The correct choice is (c). 

16. The correct choice is (d). The viscous force is 
independent of the density of the body, it depends 
only on the radius and speed of the body and the 
viscosity of the fluid in which it moves (F = 6 nrjrv). 

17. The correct choice is (b). 

18. The correct choice is (c). The weight of the body is 
balanced by two upward forces, namely the buoyant 
force and viscous force. 

19. The correct choice is (c). The ball drags some air 
with it while spinning. Therefore, the velocity of 
air at the lower surface increases. According to 
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Bernoulli's theorem, the pressure of air at the upper 
surface becomes less than the atmospheric pressure 
(P 0 ) whereas the air pressure at the lower surface 


become more than P 0 . This pressure difference 
causes a dynamic uplift of the ball. 

20. The correct choice is (a). 


4 Previous Years' Questions from AIEEE, IIT-JEE, 
JEE (Main) and JEE (Advanced) 

SECTION ( w jfh Complete Solutions) 


1. A cylinder of height 20 cm is completely filled with 
water. The velocity of efflux of water (in ms ] ) 
through a small hole on the side wall of the cylinder 
near the bottom is (take g= 10 ms 2 ) 

(a) 10 (b) 20 

(c) 25.5 (d) 5 [2002] 

2. A wooden block with a coin placed on its top, floats 
in water as shown in the figure. The distances / and 
h are shown. After some time, the coin falls into the 
water. Then 



(a) / decreases and /? increases 

(b) / increases and /? decreases 

(c) both / and h increase 

(d) both / and h decrease [ 2002 ] 

3. A wire suspended vertically from one of its ends is 
stretched by attaching a weight of 200 N to the lower 
end. The weight stretches the wire by 1 mm. The 
elastic energy stored in the wire is 

(a) 0.2 J (b) 10 J 

(c) 20 J (c)0.1J [20031 

4. A wire fixed at the upper end stretches by / by 
applying a force F. The work done in stretching is 

(a) (b) FI 

FI 

(b) 2 FI (d) — |2004) 

5. A spherical ball of radius R is falling in a viscous 
fluid of viscosity f] with a velocity v. The 
retarding viscous force acting on the ball is 


(a) directly proportional to R but inversely 
proportional to u 

(b) directly proportional to both R and v 

(c) inversely proportional to both R and v 

(d) inversely proportional to R but directly 

proportional to v. [2004] 

6. If two soap bubbles of different radii are connected 
by a tube, 

(a) air flows from the bigger bubble to the smaller 
bubble till their sizes become equal 

(b) air flows from the bigger bubble to the smaller 
bubble till their sizes are interchanged 

(c) air flows from the smaller bubble to the bigger 
bubble 

(d) there is no flow of air. [2004] 

7. A syringe containing water is held horizontally with 
its nozzle at a height h above the ground as shown 
in the figure. The cross-sectional areas of the piston 
and the nozzle are A and a , respectively. The piston is 
pushed with a constant speed V The horizontal range 
R of the stream of water on the ground is 

Si 

2 h 

aV 12 h AV 

(c )*=TV7 (d) * = v 



(a) R = V 



(b) R = V 






Syringe 


kWWWN^ V 

\ 




Nozzle 


£ 


Piston 


Stream of 
water 


GROUND \ \ 

- R -► 


8. A small metal sphere of radius r and density p 
falls from rest in a viscous liquid of density a 
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and coefficient of viscosity t). Due to friction heat 
is produced. The rate of production of heat when 
the sphere has acquired the terminal velocity is 
proportional to 

(a) r 2 (b) ? 

(c) r 4 (d) r 5 |2004] 

9. A 20 cm long capillary tube is dipped in water. The 
water rises up to 8 cm. If the entire apparatus is put in 
a freely falling elevator, the length of water column 
in the capillary tube will be 

(a) 8 cm (b) 10 cm 

(c) 4 cm (d) 20 cm [2005] 

10. If 5 is the stress and Y is Young’s modulus of the 
material of a wire, the energy stored per unit volume 
in the wire is 


(a) 2 S 2 Y 




(d) — 
2 Y 


|2005| 


11. A cylindrical tank having cross-sectional area A is 
filled with water to a height of 2.0 m. A circular 
hole of cross-sectional area a is opened at a height 

of 75 cm from the bottom. If — = Vo.2,, the 

A 


velocity with which water emerges from the hole is 
(g = 9.8 ms” 2 ). 

(a) 4.9 ms -1 (b) 4.95 ms -1 

(c) 5.0 ms -1 (d) 5.5 ms" 1 [20051 

12. A wire elongates by / mm when a load W is hung 
from it. If the wire goes over a pulley and two 
weights W each are hung at the two ends, the 
elongation of the wire will be (in mm) 

(a) zero (b) //2 

(c) / (d) 2/ [2006) 

13. The terminal speed of a sphere of gold (density 19.5 
x 10 kg m ) in a viscous liquid (density 1.5 x 10 
kg m" 3 ) is 0.2 ms" 1 . What is the terminal speed of 
a sphere of silver (density 10.5 x 10'kg m ') of the 
same size in the same liquid? 

(a) 0.1 ms 1 (2) 0.2 ms" 1 

(c) 0.4 ms" 1 (d) 0.133 ms" 1 [2006) 

14. Water is filled up to a height h in a beaker of radius 
R as shown in the figure. The density of water is p, 
the surface tension of water is T and the atmospheric 
pressure is P 0 . Consider a vertical section A BCD of 
the water column through a diameter of the beaker. 
The force on water on one side of this section by 
water on the other side of this section has magnitude 
(a) \2P () Rh + nR 2 pgh - 2 RT\ 


(b) \2PnRh + Rpgh 2 -2RT\ 

(c) |/> 0 7Tfl 2 + Rpgh 2 - 2 RT\ 

(d) | P Q 7tR 2 + Rpgh 2 + 2 RT\ 



[2007| 

15. A glass tube of uniform internal radius (r) has a 
valve separating the two identical ends. Initially, 
the valve is in a tightly closed position. End 1 has 
a hemispherical soap bubble of radius /: End 2 has 
sub-hemispherical soap bubble as shown in the 
figure. Just after opening the valve. 



(a) air from end 1 flows towards end 2. No change 
in the volume of the soap bubbles 

(b) air from end 1 Hows towards end 2. Volume of 
the soap bubble at end 1 decreases 

(c) no change occurs 

(d) air from end 2 flows towards end 1. Volume of 

the soap bubble at end 1 increases [2008] 

16. Ajar is filled with two non-mixing liquids 1 and 2 
having densities p, and p 2 respectively. A solid ball, 
made of a material of density p 3 is dropped in the jar. 
It comes to equilibrium in the position shown in the 
figure. 

Which of the following is true for p,, p : and p 3 ? 


P\ 


:Liquid=lj 



(a) p, < p 3 < p 2 (c) p 3 < p, < p 2 

(c) p, > p 3 > p 2 (d) P] < p 2 < p 3 120081 
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17. A spherical solid ball of volume V is made of a 
material of density p v It is falling through a liquid 
of density p 2 (p 2 < p\ )■ Assume that the liquid applies 
a viscous force on the ball that is proportional to the 
square of its speed v, i.e. F viscous = - kv~ (k > 0). The 
terminal speed of the ball is 


(a) 

v g(P\~ Pi) 

(b) 

iVgiPi-Pi) 


k 

\ k 

(c) 

VgPi i 
k 

(d) 

[20081 


18. A capillary tube (A) is dipped in water. Another 
identical tube (B) is dipped in soap-water solution. 
Which of the following shows the relative nature of 
the liquid columns in the two tubes? [2008] 



(d) 


19. Two wires are made of the same material and 
have the same volume. However, wire 1 has 


cross-sectional area A and wire 2 has cross- 
sectional area 3/1. If the length of wire 1 increases 
by Ax on applying force F, how much force is needed 
to stretch wire 2 by the same amount? 

(a) 6 F (b) 9 F 

(c) F (d) 4 F |2009] 

20. A ball is made of a material of density p where p oil < p 
< Pwater with Poil and Pwater representing the densities 
of oil and water, respectively. The oil and water are 
immiscible. If the above ball is in equilibrium in a 
misture of this oil and water, which of the following 
pictures represents its equilibrium position? 




(c) (d) |2010] 

21. Work done in increasing the size of a soap bubble 
from a radius of 3 cm to 5 cm is nearly (surface 
tension of soap solution = 0.03 Nm ') 

(a) 4;rmJ (b) 0.2;r mJ 

(c) 2/rmJ (d) 0.4/r mJ [2011] 

22. Water is flowing continuously from a tap having an 

internal diameter 8x10 3 m. The water velocity as it 
leaves the tap is 0.4 ms \ The diameter of the water 
stream at a distance 0.2 m below the tap is close to 
(a) 5.0 x 10 -3 m (b) 7.5 x 10" 3 m 

(c) 9.6 x 10 3 m (d) 3.6 x 10 3 m [2011] 


23. A thin liquid film formed between 
a U-shaped wire and a light slider 
supports a weight of 1.5 x 10 
N (see the figure). The length of 
the slider is 30 cm and its weight 
negligible. The surface tension of 
the liquid film is: 

(a) 0.0125 Nm -1 

(b) 0.1 NrrT 1 
(1) 0.05 Nm -1 
(4) 0.025 Nrrf 1 



W 

120121 
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24. A unifom cylinder of length L and mass M having 
cross-sectional area A is suspended, with its length 
vertical, from a fixed point by a massless spring, 
such that it is half submerged in a liquid of density 
a at equilibrium position. The extension x 0 of the 
spring when it is in equilibrium is: (Here k is spring 
constant) 









[2013] 


Questions 25 and 26 are based on the following passage 

A container of large uniform cross-sectional area A resting 
on a horizontal surface, is filled with two non-mixing and 
non viscous liquids of densities d and 2 J, each to a height 
H/2 as shown in the figure. A tiny hole of cross-sectional 
area a («A) is punched on the vertical side of the container 
at a height h = H! 4. 



25. The horizontal range x of the liquid initially is 


(a) // 





26. The height h of the hole from the ground for which 
the horizontal range x is maximum is 






[2014| 


Questions 27 and 28 are based on the following 
paragraph. 

A spray gun is shown in the figure where a piston pushes 
air out of a nozzle. A thin tube of uniform cross section is 
connected to the nozzle. The other end of the tube is in a 
small liquid container. As the piston pushes air through the 
nozzle, the liquid from the container rises into the nozzle 
and is sprayed out. For the spray gun shown, the radii of the 


piston and the nozzle are 20 mm and 1 mm, respectively. 
The upper end of the container is open to the atmosphere. 



27. If the piston is pushed at a speed of 5 mms 1 the air 
comes out of the nozzle with a speed of 

(a) 0.1 ms 1 (b) 1 ms 1 

(c) 2 ms” 1 (d) 8 ms 1 

28. If the density of air is p (/ and that of the liquid p h 
then for a given piston speed, the rate (volume per 
unit time) at which the liquid is sprayed will be 
proportional to 




(d) p, [2014] 


0 

Answers 


V' 

1. (b) 

2. (d) 

3. (d) 

4. (d) 

5. (b) 

6. (c) 

7. (d) 

8. (d) 

9. (d) 

10. (b) 

11. (c) 

12. (c) 

13. (a) 

14. (b) 

15. (b) 

16. (a) 

17. (b) 

18. (d) 

19. (b) 

20. (b) 

21. (d) 

22. (d) 

23. (d) 

24. (b) 

25. (b) 

26. (c) 

27. (c) 

28. (a) 


Solutions 



2. When the coin falls into water, the downward force 
reduces causing the block to rise thus decreasing 
/. Since the density of the coin is greater then that 
of water, the volume of coin will be less than the 
volume of the liquid displaced, causing a decrease 
in h. Hence the correct choice is (d). 


3. The work done by a force in stretching a wire 
is stored in the wire as potential energy. The 
work done by a force F in stretching the wire by a 
small amount dl is 


dW = Fdl 


The work done in stretching a wire by / is 
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/ 


W = J Fell 


Now 


F = 


W 


o 

YAl 

~L 

YA ' 


. Therefore 


= ™[ idi= 
L l 


=v 

2Z. 2 




K4/ 


= — x 200 x (1 x 10 -3 ) 

2 

= 0.1J 

4. Refer to the solution of Q. 3 above. The correct 
choice is (d). 

5. According to Stake's law, viscous force is 

F= 6ktj Rv 

So the correct choice is (b) 

6. The excess pressure inside a bubble is p = 4a!R 
where a = surface tension of liquid and R = radius 

1 

of bubble. Thus p — • Hence pressure inside the 

smaller bubble is higher than that in the bigger 
babble. So air will flow from the smallar bubble to 
the bigger bubble. 

7. Let v be the horizontal speed of water when it emerges 
from the nozzle. From the equation of continuity, we 
have 

AV= av 
AV 

(1) 


or 


v = 


a 


Let t be the time taken by the stream of water to strike 
the ground. The horizontal and vertical distances 
covered in time t are 

R = vt (2) 


f 1 

h = — gt‘ 
2* 


From Eq. (3) we have / = 
Eq. (2), we get 



(3) 


. Using this value in 


R = v 


'2 h 
8 


(4) 


Using Eqs. (1) and (4), we have 


a 


8. The terminal velocity is 


V ' 9 


2 (p-O)rg 


*1 


The rate of production of heat (or power dissipated) 
is given by 

P = fo n where/ = 6 nrirv t 
P = 6nrir v, x v f 

T 2 (n-cr)r 2 

= 6 KTJr 


2717 


n 5 

i.e. P oc r . 

9. The freely falling apparatus is in a weightless 
condition. Hence, water will rise to the top of the 
capillary tube. So the length of water column will be 
20 cm. 

10. Energy stored per unit volume is 
1 

u = — stress x strain 
2 


1 stress 

= -stress x- 

2 Young's modulus 


1 s 


2 Y 


11. Let v be the velocity of efflux and Fbe the velocity 
with which the water level in the tank falls. From the 
equation of continuity of flow, we have av = A V or 

av 
V= — 


From Bernoulli's theorem, we have 

p o + \p vZ + PgH = p o+ ^P 1 ’ 2 + PS h 

which gives v 2 = V 2 + 2g (H - h) 
Using (1) in (2), we get 
2 _ 2 g(H - h) _ 2x9.8 x (2.0 - 0.75) 


( 2 ) 


1- 


f-i 

\A) 


1 - 0.2 


= 25 


which gives v = 5.0 ms 1 . 

12. Let L be the length of wire AB and a be the area of 
cross-section of the wire. The Young’s modulus is 
given by 
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Y = 


Wla _ WL 

1/L~~c 7 




A A 


B 


///// 



W W 


1 

w 

For a given wire, Y is fixed. For small extension, a 
is constant. Then for a given load, it follows from 
(1) that LH = constant, i.e. / °c L. The extension is 
proportional to the original length of the wire. In the 

L 

second case AC = CB = ~ since the load on both 

sides of the pulley is the same. Since the extension 
is proportional to length, the extension of wire AC 
of length L/2 will be HI. Similarly, the extension 
of wire BC will be 7/2. Hence, the total extension is 

— + — = /, which in choice (c). 

2 2 

13. The terminal speed of a sphere of radius rand density 
ain a liquid of density p and viscosity i] is given by 

2 r 2 g 

v = (o - p) = K(o - p) 

9 n 

2 r g . 

where K = —.—— is a constant for this problem. 

9 1 } 

For the gold sphere, 

0.2 = AT(19.5 - 1.5)10 3 = 18 x 10 3 AT 
For the silver sphere, 
r>, = AT(10.5- 1.5)10 3 = 9 x 10 3 AT 
From (1) and (2) we get 

v, _ 9x10 3 A: _ 1 


( 1 ) 


( 2 ) 


0.2 18 x 10 3 AT 2 

v, = 0.1 ms -1 

14. Let us find the force exerted on water in the right 
side of section ABCD. This force F = force/,, due to 
pressure on the left side of section A BCD + force/, 
due to surface tension. Now 

/, = pressure at the center x area of ABCD 

( h \ 

= P 0 + — pg x 2 Rh directed towards right 

V 2 J 


/ = surface tension x length AB 


= Tx2R = 2RT directed toward left 


F = 


p o + -pg 


x2Rh-2RT 


= [2P 0 Rh + Rpgh 2 - 2RT] 

15. Excess pressure across a bubble is inversely 
proportional to the radius of the bubble, i.e. A p <* —. 


r 


Since the value of r of the sub-hemispherical bubble 
is more than that for a hemispherical bubble, the 
excess pressure across the bubble at end 2 is less 
than that at end 1. Hence air from end 1 will flow 
towards end 2 resulting in a decrease in the volume 
of the bubble at end 1. Thus the correct choice is (b). 

16. Since liquid 1 is above liquid 2, p, < p 2 . Since the 
ball sinks in liquid 1, p 3 > p,. Since the ball floats in 
liquid 2, p 3 < pHence p, < p 3 < p>, which is choice 
(a). 

17. The ball will acquire terminal speed v ( when its 
weight W acting downwards = upthrust U + viscous 
force F acting upwards, i.e., 

W= U+F 
p, Vg = p 2 Vg - kv) 


v >~ v 


(Pi -PiWg 


2(7 


18. /? =-■ The surface tension of soap solution is less 

prg 

than that of water. Hence the value of height h to 
which the liquid rises in the capillary tube is less for 
soap solution than for water. Also the angle of contact 
of soap solution with glass is acute and it wets glass. 
Hence the shape of its meniscus is concave as for 
water. So the correct choice is (d) 

19. Let L, and L 2 be the lengths of wires 1 and 2. 


Given 


v x = v 2 


AL . = 3 AL-, 


A = 3 . 

l 2 

If F and F f are the forces applied to 1 and 2, 
_ FL X _ F'L 2 F' 3L, 


Y = 


A Ay 3 A Ax F L 


1 = 3x3 = 9. 


Thus F' = 9 F, which is choice (b) 

20. Since the density of oil is less than that of water, 
oil will float on water. So choices (a) and (c) 
are wrong. Since the density of the material of 
the ball is more than that of oil and less than that 
of water, the ball will sink in oil and float in water. 
Hence the correct choice is (b). 
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21. w = oA A 

= a x [8 tt (r\ - r\)\ 

= 0.03 x [8;r(5 2 - 3 2 )x 10"*] 

= 0.384/rx 10 3 J 
- 0.4/r mJ 

22. Given u = 0.4 ms-1. The velocity (v) of water at a 
distance /? = 0.2 m below the tap is given by 

v 2 - a 1 = 2gh 


V = y]u 2 + 2gh 


= Foa) 


+ 2x10x0.2 


= v4~16 sm 1 =2.04 sm 1 
From equation of continuity of flow, A l v l = A 2 v 2 
which gives 


nr\ x u = nr\ x v 


r \ 11 

X 2~ 1 

V 


(4 x 10~ 3 ) 2 x 0,4 
V 2M 

= 1.8 x 1(T 3 m 

/. Diameter d 2 = 2 r 2 = 3.6 x 10 3 m 

23. 2oL = mg 

mg 1.5 xlO -2 ^ _ XT _j 

=> a = — =-= 0.025 Nm 

2 L 2x0.3 

24. Upthrust U = weight of liquid displaced 

. I 

= Ax — x erg 


or 


U = 


ALcrg 



Spring force F = kx 0 . 
At equilibrium. 


Mg = F + U = kx Q + 


A Lag 


*o = 


_Mg( x ALo\ 

2 M J 


So the correct choice is (b). 

25. Let v l be the initial velocity of the fall of liquid level 
in the container and v 2 the velocity of efflux from 

( 

the hole. Then Av x = av 2 or = 1 ~ li/ 2 . Since 

a « A, = 0. Applying Bernoulli’s theorem at a 
point on the top of the liquid and at the hole, we 
have 

(H\ 


PQ+'-dv; +dg^lFj + (2d)g 


V l J 


= ^0 M{2d)dv\ + (2 d)gh 


Putting v x = 0, we get 


y 2 = 



(3 > 



— H - 2h 

g 


K2 ) 



1/2 


Putting /? = Hi 4, wc get v 2 = yJgH which is choice 

(d). 


Time of fall t = 


j 2h 
g 


. I lorizontal range is 


x = v 2 t = 


3 ^ 


nl/2 


— H — 2h 
2 


= [h(3H-4h)\ 


g 
j j 

1/2 


X 



H 


Putting /? = Hi 4, we get x = > which is choice (b). 

26. To determine the height h at which the range x is 
maximum, we differentiate (1) with respect to h and 
dx 

set — = 0, i.e. 


dh 


—[3Hh-4lr]' /2 =0 
dh 


1 


or 


~[3Hh - 4h 2 ]~ 1/2 x (3// - 8//) = 0 


which gives 3 H- 8/7 = 0 or h = -H. Notice that 

(3 Hh - 4/7") “ cannot be zero since this would give 

x = infinity which is not possible. Hence x is 
maximum (= x m ) at a value of h given by 
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h= -H 
8 

Using this value of h in (1), we get 


= -H 3 H - H 


= ±H 
4 


27. From the equation of continuity of flow, 
=> ct\ v , = a 2 v 2 

=> (tv]) V\ = ( m- 2 2 )v 2 


v 2 = V\ x — 


_ _i 20 mm 
= 5 mm s x 

1 mm 


= 2000 mm s 
= 2 ms 1 

28. From Bernoulli's principle, 

P 0+^P„ l,2 a= P 0+^Pl V l 


tf =V l — 

Pi 


v, = v a 



For given v , v t — , which is choice (a). 

VP/ 
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HEAT AND 
THERMODYNAMICS 


Chapter 



REVIEW OF BASIC CONCEPTS 



1. Thermal Expansion 

I f the temperature of a body is increased, its length, surface 
area and volume all increase. 

(i) Coefficient of Linear Expansion I f the body is in the 
form of a rod, the increase A L in its length when the 
temperature is increased by A7’ is proportional to (a) 
the original length L and (b) increase in temperature 
AT, i.e. 


AL oc LAT 


Thus 


a = 


AL 

LAT 


AL = ccLAT 


where a is the coefficient of linear expansion of the 
material of the body. Thus 

L = L 0 (1 + aAT) 


(ii) Coefficient of Area Expansion 


Similarly ft = 


AA 

AAT 


where p is called the coefficient of area expansion 
A = A 0 (l + pAT) 


(in) Coefficient of Volume Expansion 

AV 

y= - 

VAT 

V= V 0 (\ + yAT) 

The SI unit of a, p and yis (°C)~ 1 or K *. 

(iv) Relation between a, p and yis 
a:p:y= 1:2:3 
i.e. y=2p=3a. 


(v) Variation of Density with Temperature 

_ . mass m 

Density = - or p = — 

volume V 


Since mass m remains constant, pV= constant. Thus 
pv= Po V 0 

Po^Q _ Po^Q _ Po 
P V V 0 (1 + yAT) (1 + yAT) 

Thus density of a substance decreases with increase 
in temperature. 

(vi) Thermal Stress 

If a rod is held between two rigid supports and 
its temperature is increased or decreased, the 
rigid supports prevent the rod from expanding or 
contracting. As a result, a stress (called thermal 
stress) is developed in the rod. The change in length 
of the rod is 


Now 


AL = aLAT 


Strain 


AL_ 

L 


= aAT 


Young’s modulus (Y) = 


Thermal stress = 


stress 
strain 
Y AL 


= YaAT 


EXAMPLE 1 At 20°C, a brass rod has a length 50.0 
cm. It is joined to a steel rod of the same length and the 
same diameter at the same temperature. Find the change in 
the length of the composite rod when it is heated to 220°C. 
For brass a= 2 x 10 -5 K -1 and for steel a = 1 x 10 -5 K _I . 

SOLUTION 

For brass: (AL) h = a h L h AT=( 2x10“ 5 ) x 0.5 x (220 - 20) 


= 2 x 10 3 m = 2 mm 
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For steel: (A L) s = a s L s AT = (1 x I0” 5 ) x 0.5 x (220 - 20) 

= 1 mm 


A L = (A L) h + (AL) ? = 3 mm 

iQ EXAMPLE 2 A metal wire of cross-sectional area 
5 x 10 6 nr is held taut at 30°C between two rigid supports 
with negligible tension in it. Find the tension developed 
in the wire if it is cooled to -20°C. Given a of metal = 
2 x 10- 5 K- 1 and Y= 1 x 10 11 N nr 2 . 



SOLUTION 


Thermal stress = YaAT 


Also 


stress = 


F 

A 


F = YAaAT 


= (1 x 10 11 ) x (5 x 10~ 6 ) x (2 x 10- 5 ) 
x [30 - (- 20)] 

= 500 N 

© EXAMPLE 3 The coefficient of volume expansion 
of a liquid is 5 x 10 4 K -1 . If its temperature is increased 
by 30°C, find the percentage change in its density. 



SOLUTION 



Po 

(1 + yAT) 


=> p(l + yAT)=p 0 => P - P 0 = - Po yAT 

or P~ . PP . = -yA7~=-5x 10 4 x30 = - 1.5 x 1(T 2 . 

Po 

The negative sign indicates that the density decreases with 
increase in temperature. 

Percentage change in density = (1.5 x 10~ 2 ) x 100 = 
1.5% 


2. Measurement of Heat 

Heat is a form of energy. It is, therefore, measured in 
energy units. The SI unit of heat is joule (J). Another unit 
commonly used is the calorie. A calorie is the amount 
of heat required to raise the temperature of 1 g of water 
through 1°C. Experiments have shown that 4.18 J of 
mechanical work produce one calorie of heat. 

Thus 

1 caloric = 4.18 joules 
or 1 cal = 4.18 J 

3. Calorimetry 

If two substances having different temperatures are 
brought into thermal contact, heat energy will flow from 
the hotter to the colder substance. The flow r of heat energy 
will continue till the temperatures are equalized. We 


say that the thermal equilibrium has been attained. The 
common temperature at thermal equilibrium is called the 
equilibrium temperature. If no heat energy is allowed to 
escape to the surroundings, the amount of heat energy 
gained by the initially colder body is equal to the amount 
of heat energy lost by the initially hotter body, i.e. 

Heat gained by one body = heat lost by the other body. 
Thus is the basic principle of calorimetry. The heat energy 
O needed to raise the temperature through AT of a mass m 
of a substance of specific heat capacity s is given by 

Q = ms AT 

This is the basic heat formula. 

Specific heat capacity If m = 1 unit and AT= 1 unit, then 
s = 0. Hence the specific heat capacity of a substance is the 
amount of heat required to raise the temperature of a unit 
mass of the substance through a unit degree. A commonly 
used unit of s is cal g _1 °C _I . In the SI system s is expressed 
J kg -1 K 1 . The two units arc related as 

1 cal g" 1 °CT 1 =4.18 Jg" 1 "C* 1 

(v 1 cal = 4.18 J) 

or 1 cal g -« °C- 1 = 4180 J kg" 1 °C~' 

Since the size of a degree on the Celsius scale is equal 
to that on the kelvin scale, a temperature difference of, say, 
1 °C is equal to a temperature difference of 1 K. Thus 

1 cal g" 1 °C- 1 =4180.1kg- 1 K _1 

The specific heat capacity of water = 1 cal g" 1 °C 1 or 
4180 J kg" 1 K" 1 . 

Molar specific Heat The molar specific heat C of a sub¬ 
stance is the amount of heat energy required to raise the 
temperature of 1 mole of the substance through 1 K. It is 
expressed in J mol 1 K _1 . 

Specific heat ( s ) and molar specific heat (C) are related 
as 

C 

s = — 
m 

where m is the number of kilograms per mole in the 
substance. 

4. Two Specific Heats of a Gas 

Two specific heats of a gas are of special significance, 
namely, the specific heat at constant value (C,) and that 
at constant pressure (C p ). They are defined as: The molar 
specific heat of a gas at constant volume (C z j is the amount 
of heat energy required to raise the temperature of 1 mole 
of the gas through 1 K when its volume is kept constant. 
The molar specific heat of a gas at constant pressure 
(C f J is the amount of heat energy required to raise the 
temperature of 1 mole of the gas through 1 K. when its 
pressure is kept constant. 


Copyrighted material 



Heat and Thermodynamics 8.3 


The two specific heats of an ideal gas are related as 

C P -C V =R 

when R is the universal gas constant and its value is 

R =8.315 J mol" 1 K" 1 


5. Latent Heat 


The heat energy supplied to a substance to change from 
solid to liquid state or from liquid to gaseous state is not 
registered by a thermometer as the heat energy is used up 
in bringing about a change of state. Hence it is called latent 
(or hidden) heat. A substance has two latent heats. 

/. The latent heat of fusion (or melting) of a substance 
is the heat energy required to convert a unit mass of a 
substance from the solid to the liquid state, without change 
of temperature. The latent heat of fusion of ice is 3.36 x 
KP J kg" 1 or 80 cal g _1 . 

2. The latent heat of vaporisation (or boiling) of a substance 
is the heat energy required to convert a unit mass of the 
substance from the liquid to the gaseous state, without 
change of temperature. The latent heat of vaporisation of 
steam is 2.26 x 10 6 J kg -1 or 540 cal g _1 . 

The amount of heat energy required to change the state 
of a mass m of a substance without change in temperature 
is given by 


Q = mL 

where L is the latent heat. 

Q EXAMPLE 4 A copper block of mass 3.35 kg is 
heated to 500°C and then placed on a large block of ice. 
What is the maximum mass of ice that can melt? Specific heat 
capacity of copper = 390 J kg -1 K _1 and latent heat of fusion 
of water = 335 J g _l . 

Q SOLUTION The amount of heat energy in copper 
block at 500°C is 

Q = ms AT 

= (3.35 x390x500) J 

Now L = 335 J g- 1 = 335 x 10 3 J kg 1 . 

The maximum mass of ice that can melt is 


O 3.35x390x500 1Arl 
m = — = -;- = 1.9:> kg 

L 335 xlO 3 

EXAMPLE 5 16 g of oxygen is heated at constant 

volume from 25°C to 35°C. Find the amount of heat energy 
required. Given C v = 20 J mol -1 K" 1 . 

SOLUTION Mass of 1 mole of oxygen = 32 g 

.*. Number of moles in 16 g of oxygen is n = — = — 
Heat energy required is 

Q=nC v AT= - x20x(35-25)= 100J 
2 


(Q EXAMPLE 6 290 J of heat energy is required to 

raise the temperature of 7 g of nitrogen by 40°C. Find 
molar specific heat of nitrogen at constant pressure. 



SOLUTION 


Number of moles in 7 g of oxygen is 


1 _ = J_ 
f1 ~ 28 ~ 4 
Q = n C p AT 

c =-2_ = 

* nAT 


290 


x 40 


= 29 J mol" 1 K' 1 


EXAMPLE 7 200 g of water at 25°C is added to 

75 g of ice at 0°C in an insulated vessel. What is the final 
temperature of the mixture? 

SOLUTION I leat energy of200 g of water at 25°C is 


= msAT= 200 x 1 x 25 = 5000 cal 
Heat energy required to melt 75 g of ice at 0°C is 


0 2 = tnL = 75 x 80 = 6000 cal 

Since O j < 0 2 , the whole of ice will not melt. Hence, the 
final temperature of mixture is 0°C. 






1 .If 1 kg of icc at 0°C is mixed with 1 kg of 
steam at 100°C, the equilibrium temperature is 
Note 100°C, 0.665 kg of steam will be left and 1.335 
kg of water will be formed. 

2. Water of mass m w at t°C is mixed with icc of mass 
w i at 0°C. 

L f m i 

(a) 11 m w = —-, whole ot icc will melt and the 

t 

final temperature = 0°C. 

. L f m , 

(b) It m w < -, the whole of ice will not melt, 

t 

final temperature = 0°C and mass of ice melted 

is m j- . Amount of ice left - w, m ,. 

L f 

L f m i 

(c) 11 m w > -, the whole ot icc will melt and 

t r 

mJ-L f m t 

final temperature = > 0°C 

m w + m i 






(Q EXAMPLE 8 According to the theory of specific 
heat of solids at very low temperatures (close to absolute 
zero), the specific heat s of a solid varies with absolute 
temperature T as 

5 = kP 

where k is a constant whose value depends upon the 
material of the solid. Find the heat energy required to raise 
the temperature of 200 g of the solid from 1 K to 4 K. 
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SOLUTION The amount of heat energy required to 
raise the temperature of mass m of the solid by dT kelvin 
is given by 

dQ = msdT 

Heat energy required to raise the temperature of the solid 
from T x = 1 K to T 2 = 4 K is 

t 2 t 2 

Q = | msdT = mk j T^dT 
mk [T}~T?} 


4 

0.2 x k 


[(4) 4 - (I) 4 ] 


= 12.75 k joule 

6. Thermal Conductivity 

If a steady temperature difference (T x - 7Y) is to be 
maintained between the ends of a rod, heat energy must 
be supplied at a steady rate at one end and the same must 
be taken out at the other end. Suppose heat energy Q flows 
through a rod in time f, then the rate of flow of heat Q/t 
through the rod in the steady state is 

(i) proportional to cross-sectional area A of the rod, 

(ii) proportional to temperature difference (T x - T 2 ) to be 
maintained between the ends of the rod and 

(iii) inversely proportional to length L of the rod. 

Q A(T x -t 2 ) 


oc 


t L 

^ Q = kA(T x -T 2 ) 
t L 

where k is a constant called thermal conductivity of the 
material of the rod. It is a measure of how quickly heat 
energy is conducted (or transferred) through the substance. 
The SI unit of k is J s _l m -1 K _1 or W m _1 K _1 . The 
dimensions of k are [M L T -3 K -1 ] 

7. Conduction Through a Composite Slab 

Case I. Two slabs placed one on lop of the other 
Suppose we have a composite slab made up of two different 
slabs of materials of thermal conductivities k x and k 2 , and 
cross-sectional areas A , and A 2 but of equal length L placed 
one on top of the other as shown in Fig. 8.1. 



The ends of the composite slab are maintained at 
temperatures T x and T 2 (T X > T 2 ). The rates of heat flow 
through each slab in the steady state are 

Q\ k\ A\(T\ — T 2 ) 


and 


t 

02 _ 

t 


k 2 A 2 (T x T 2 ) 
L 


( 1 ) 


( 2 ) 


The cross-sectional area of the composite slab is (A x 
+ A 2 ) but its length is L. If k eq is the equivalent thermal 
conductivity, then the rate of heat flow through the 
composite slab is 

Q = k cq (A x +A 2 )(T x -T 2 ) 
t L 

o Q\ Q ^ 

Since — = — • — , we get from Eqs. (1), (2) and (3) 
t t t 


^eq (A i + A 2 ) k x A j + k 2 A 2 


kcq 


k x A x + k 2 A 2 
A x + A ~> 


(4) 


If A , = A 2 , then k cq = - (k x + k 2 ). 


Case 2. Two slabs placed in contact one after the other 

Suppose we have two slabs of different lengths L x and L 2 
but of the same cross-sectional area A placed in contact as 
shown in Fig. 8.2. 



The ends of the composite slab are maintained at 
temperatures T x and T 2 (T X > T 2 ). Let T 0 be the temperature 

Q\ Qi 

of the junction. In the steady state, — = -, i.e. 

t t 

k i ~ 7 ~q) = k 2 A(T 0 -T 2 ) 

L I, 


k j k 2 

(T x -T 0 ) = -(T 0 -T 2 ) 


L 


k\T x k 2 T 2 


+ 


Tn = 


1 


k i k 2 
L x * L 2 


(5) 
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The rate of flow of heat through the composite slab is 


Q = Qi 

t t 


or 


Q 


t 


Q = k i A (T x -T 0 ) 

' L \ 

Using (5) in ( 6 ) and simplifying, we get 

Q _ k\k 2 A ^T\ ~ 7^) 
t k \L 2 + A 2^1 


( 6 ) 


(7) 


The length of the composite slab is (L x + L 2 ) but its 
cross-sectional area is A. If A cq is the equivalent thermal 
conductivity of the composite slab, 


Q _ k eq A (7] ~T 2 ) 

t (L x + L 2 ) 
From Eqs. (7) and ( 8 ), we get 

k\k 2 (L\ + L>2 ) 

A„ n = - 

q k x L 2 +k 2 L x 


( 8 ) 


(9) 


If L| L 2 » ^cq 


and 


2A,A 2 


(A, + A 2 ) 

(k\T\ + k 2 T 2 ) 


T,= 


(A, + A 2 ) 

8. Thermal Resistance 

Finding the equivalent thermal conductivity of a composite 
slab becomes much easier if we use the concept of thermal 
resistance. Just as electrical resistance is defined as 

V _ potential difference 


R = - = 

I rate of flow of charge 

thermal resistance is defined as 

temperature difference T x -T 2 

iv — 

rate of flow of heat Qlt 

=> R= (Tj - T 2) L _ L 


kA(T\ -T 2 ) kA 

(a) If two slabs are joined in series as shown in Fig. 8.2, 
the equivalent thermal resistance of the composite slab is 

^eq = + ^2 

L\ + L 2 _ L\ L-) 


+ 


K q A k \ A k l A 

A|A 2 (A, + L 2 ) . 

=> k CQ = -, which is Eq. (9). 

cq (LjA 2 + L 2 k x ) 

(b) If the two slabs are joined in parallel as showm in Fig. 
8 . 1 , then 


1 


1 1 

+ 


R R, R , 


^eq ( A 1 + A 2 ) 


Ai^i 


L 


+ 


k 2 A 2 


k cq 


L L 
(k\ A \ + k 2 A 2 ) 
(A x + A 2 ) 


, which is Eq. (4). 


EXAMPLE 9 A cylindrical metal boiler of radius 
10 cm and thickness 3.14 cm is filled with water and 
placed on an electric heater. If the water boils at the rate of 
50 g s’ 1 , estimate the temperature of the filament. Thermal 
conductivity of metal = 1.13 x 10 2 W m ’ 1 K " 1 and latent 
heat of vaporisation = 2.26 x 10 3 J g” 1 . 

© SOLUTION Q = ML V 

— = (50 g s' 1 ) x (2.26 x 10 3 J g~') 

/ 

= 50 x 2.26 x 10 3 Js ” 1 

Base area of boiler A = m 2 = n x (0.1 ) 2 = n x 10 2 m 2 
Thickness of metal L = 3.14 cm = 3.14 x 10 -2 m 

q _ A A(T f -T w ) 


50 x 2.26 x 10 3 = 


(1.13 x 10 2 ) x x 10" 2 ) x (T, - TJ 


3.14x10 


-2 


T f -T w = 1000°C 


T f = 1000 + r u .= 1000 + 100 = noo°c 

EXAMPLE 10 A steel rod (L, = 10 cm, A x = 0.02 

m 2 and A, = 50 J s 1 m 1 K ') is welded to a silver rod (L 2 
= 20 cm, A 2 = 0.01 m 2 , k 2 = 400 J s ’ 1 m ’ 1 K *) as shown 
in Fig. 8.3. The ends of the composite rod are maintained 
at 300°C and 0°C. The rod is covered with an insulating 
material so that the heat loss from the sides is negligible. 
Compute the temperature of the steel-silver junction in the 
steady state. 


7j = 300°C 



Silver 


t 2 = o°c 


Fig. 8.3 


Q\ Q 2 

SOLUTION In the steady state, — = — , i.e. 


k \MT\ T 0 ) k 2 A 2 (T 0 T 2 ) 


50 x 0.02 x (300 - T 0 ) 400 x 0.01 x (T 0 - 0) 


0.1 


0.2 


T 0 = 100°C 
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EXAM PLE 11 A steel rod (L ] = \0 cm, A , = 0.02 m 2 , 
A', = 50 W m 1 K. ] ) and a brass ( L 2 = 10 cm, A 2 = 0.02 m 2 , 
k 2 = HOW itt 1 K _1 ) arc soldered as shown in Fig. 8.4. 
The ends of the composite rod are maintained at 403 K 
and 273 K. The sides of compound rod is covered with an 
insulating material. Calculate the rate of flow through the 
compound rod in the steady state. 


T, = 403 K 



T 2 = 273 K. 


Fig. 8.4 

SOLUTION Equivalent thermal conductivity of 
the composite rod is 

*eq= \^,+k 2 )= 1(50+ 110) 

= 80 W m 1 K" 1 
Q _ k eq X ( ^ 1 + ^ 2 ) (^1 “ ^2 ) 

• • 

t 0.1 

= 80 x 0.04 x (403 - 273) 

0.1 

= 4.16 x 10 3 Js" 1 

@ EXAMPLE 12 A metal cylinder of radius r and 
thermal conductivity A", = 2A is surrounded by a cylindrical 
metallic shell of inner radius r and outer radius 2 r having 
thermal conductivity k 2 = k (Fig. 8.5). The ends of this 
composite system are maintained at constant temperatures 
T x and T 2 (T { > T-,). Find the equivalent thermal conductivity 
of the system. 


Ti 



k 2 

2r \ 

G 

h 

- i 

-A,-' 

, p 

— 


T 2 


Fig. 8.5 

SOLUTION The given system is equivalent to a 
system consisting of a rod of length L and cross-scctional 
area A x = m 2 of conductivity A, and a rod of the same 
length L and cross-sectional area A 2 = 7rf(2/-) 2 - /* 2 ] = 3/r r 2 
and conductivity k 2 placed one on top of the other (in 
parallel). In the steady state 

Q = 2. 02 


t 


t 


t 


k \ A \ iT \ T 2 ) ^2 ^2(^1 ^2) 

- 1 - 

L L 


Q k t (nr 2 )(J x - T 2 ) k 2 (3jir 2 )(T l -T 2 ) 

=> - = — —-+— —- 0) 

t L L 

Cross-sectional area of the composite system is A = 7t(2r) 2 
= 4 ni 2 . If A eq is the equivalent conductivity, then 

.2 


q = A eq (4^)(r t -r 2 ) 
t L 


(ii) 


From (i) and (ii) we find that 


4 ^eq = k \ + 3 k 2 


^eq 


A, + 3A 2 _ 2k + 3A 


5A 

4 


EXAMPLE 13 A cylindrical metallic shell has inner 
radi us /*, = 2 cm and outer radius r 2 = 4 cm and it has a length 
L = 50 cm. The inner and outer surfaces are maintained 
at T, = 0°C and T 2 = 100°C. The thermal conductivity of 
metal is 69.3 Wm ] K~ l . Find the rate of flow of heat from 
the outer to the inner surface. 

SOLUTION Refer to Fig. 8.6. 



Consider a small element of thickness dr at a distance 
r from the axis of the shell. Let dT be the temperature 
between the inner and outer surfaces of the element. If H 
is the rate of heat flow in the element, 

k x 2k rL x dT 


H = 


dr 

r 


dr 

2k kL dT 
H 


Integrating 


r-> 


f— -Mtr „ 


/; 


In 


( ~ \ 


v r \ / 


H 

2k kL 
H 


x(T 2 -T x ) 


In 


4 cm 
2 cm 

0.693 = 


2x3.14x69.3x0.5 

H 


x (100-0) 


2 x 3.14 x 69.3 x 0.5 x 100 
H 


H = 3.14x 10 4 Js- 1 
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9. Radiation 

All bodies emit heat from their surfaces at all temperatures. 
The heat radiated by a body is called radiant heat or 
thermal radiation. Thermal radiations are electromagnetic 
waves which travel in space with a velocity equal to that 
of light. 

(1) Black Body A perfect black body is one which 
completely absorbs radiations of every wavelength 
incident on it. A good absorber of radiations is also a good 
emitter of radiations. Consequently, a black body, when 
heated to a suitably high temperature, will emit radiations 
of all wavelengths. Such radiation is called black body 
radiation. 

(2) Emissive Power The emissive power (e) of a body 
is the amount of heat energy emitted per second from a unit 
area of a radiating surface. The SI unit of e is Js -1 itT 2 or 
Wm' 2 . 

(3) Absorptive Power The absorptive power of a body 
is the ratio of radiant energy absorbed by it to the total 
amount of radiant energy incident on it. It is denoted by 
a and is a fraction. Since, by definition, a black body 
completely absorbs all radiations, a = 1 for a black body. 

(4) Emissivity (e) of a body is defined as the ratio of its 
emissive power (<?) to that of a black body (E), 

e 

i.e. e = — 

E 


For a black body, e = 1. 

(5) Kirchhoffs Law At any given temperature and 
for radiations of the same wavelength, the ratio of the 
emissive power to the absorptive power is the same for all 
substances, i.e. 

e 

— = constant 

a 

(6) Stefan's Law The total energy emitted per second 
by a unit area of a body is proportional to the fourth power 
of its absolute temperature, i.e. 

E oc T 4 

or E = £ a 7 4 


where a is a constant known as Stefan s constant. Its value 
is 


(7 = 5.735 x 1(T 8 Wnr 2 
For a black body, E = o T 4 

(7) Newton's Law of Cooling The rate of loss of 
heat by a body is directly proportional to the excess of 
its temperature over that of its surroundings, provided this 
temperature difference is small, i.e. 


dQ 

dt 


~(T-T 0 ) 
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where T is the temperature of the body and T 0 that of the 
surroundings. If m is the mass of the body, s its specific 
heat and dT the change in temperature in time dt , then dQ 
= msdT. Therefore, 

dQ dT 

where - k is a constant of proportionality. Thus 

dT k , 

- =- dt 

(T-T 0 ) ms 

Integrating between limits T, and T 2 , we have 

» 


|log e (7’ - T 0 )\J = -/ 


ms , 

t = — log,. 


ms 

( T — T ^ 
M_£0_ 

E - E 


= K log ( . 


71-7i 


\ 


V T 2 T 0 J 


2 X 0J 

This expression gives the time taken by a body to cool 
from T, to T 2 when placed in a medium of temperature T 0 . 
An approximate formula is 


T - T 


2 _ 


K 




-E 


(8) Wien's Displacement Law As the temperature of a 
black body increases, the maximum intensity of emission 
shifts (or is displaced) towards shorter wavelengths. In 
other words, 

X m T = b = constant 

where X m is the wavelength at which maximum emission 
takes place at absolute temperature T. The value of constant 
b is 

b = 2.89 x 10” 3 mK (metre kelvin) 

© EXAMPLE 14 The surface area of the skin of 
a person is 2 m 2 . He is sitting in a room where the air 
temperature is 27°C. If his skin temperature is 37°C, 
calculate the rate at which his body loses heat. The 
emissivity of his skin is 0.8 and Stefan’s constant o= 5.7 
x 1 O’ 8 W m" 2 K" 1 . 

© SOLUTION r= 273 + 37 = 310 K and To = 273 + 
27 = 300 K 

Rate of loss of heat = s A <j(T- T 0 4 ) 

= 0.8 x 2 x (5.7 x 10" 8 ) [(310) 4 — (300) 4 ] 
= 1.03 x 10 2 W 

© EXAMPLE 15 Experimental investigations show 
that the intensity of solar radiation is maximum for a 
wavelength 475.3 nm. Estimate the surface temperature of 
the sun. Wien’s constant b = 2.89 x 10 -3 mK. 

SOLUTION According to Wien’s law, X m T-b. 


T = 


2.89x10 


-3 


X 


m 


475.3x10 


-9 


= 6080 K 
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EXAMPLE 16 A body cools from 80°C to 50°C in 
6 minutes in a room where the temperature is 20°C. What 
is the temperature of the body at the end of next 6 minutes? 

SOLUTION 




Given 


log. 


80-20 


V 


= 6 K 


50-20, 

or log t , (2) = 6 K (i) 

If the temperature at the end of next 6 minutes is T, then 


f 


log. 


From (i) and (ii) 


50-20 

T-20 


= 6 K 


(ii) 


log. 


30 


T -20 


=log,(2) 


=> 30 = 2(7'- 20) 

=> T = 35°C 

Alternative Method 

We can also use the approximate formula 


ZLzZi 

t 

Then we have 

80 - 50 


\_ 

K 

J_ 

K 


(T { + T 2 ) 


-7k 


(80 + 50) 


-20 


5= —=>/: = 9 
K 


(0 


And 


50 - T 
6 

50 -T 


50 + T 


LV 


1 

~K 

—[io + n 

K 


-20 


(ii) 


Using (i) and (ii) we get 


50 7 = -(to + r) 

3 9 

T= 35°C 

EXAMPLE 17 A body at temperature T is placed in 
a room where the temperature is T 0 . The rate of decrease of 
temperature is found to be k(T- r o ) where k is a positive 
constant. Starting from time t = 0, the time taken by the 
body to lose 1/3 of the maximum heat it can lose is 


(a) |ln(2) 
k 

(C) y- In (3) 
k 


1 i (l 

-In - 


(d) ib/ 3 

k 


dT 


SOLUTION Given — = -k(T - T 0 ) 

dt 


Let T, be the temperature of the body at t = 0, then 


r dT 
}(T-T 0 ) 


In 


\ 


Lzh 

V ” T 0 j 


t 

= -k | dt 


= -kt 


or j-T 0 = {T x - T 0 ) e~ kt (i) 

The body will keep on losing heat till its temperature 
becomes equal to T 0 , the room temperature. Therefore, the 
maximum heat the body can lose is 

( A 0max= ms(T x -T 0 ) 


or 


(A0 m: 


max _ 


ms 


= 0 - T 0 ) 


1 


If the body loses -(A0 max heat, the decrease in its 

(T -T ) 1 

temperature will be — 1 — 0 . If the body loses — of 

maximum heat in time then the temperature at t x will be 


27;+ 7; 


o 


T = t-ElE = - 

3 3 

Using this in Eq. (i), we have 


271 + 7 ^ 


0 


- (71 T 0 ) e 


-kt, 


|(71-7' 0 ) = {T,-T 0 )e- kl ' 


2 -kt 

- = e u ' 

3 


— = e 
2 


kt, 


In 


n\ 




= kt, 


•<- ^ in 


ry) 

v 2 


10. Thermodynamics 

(I) Equation of State 

In the case of ideal gases, the equation of state is 

PV= RT\ for one mole 

and PV= nRT , for n moles 

where P , Land T are the pressure, volume and temperature 
of the gas, respectively and R is the universal gas constant. 
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(2) First Law of Thermodynamics 

When heat energy is supplied to a system, a part of this 
energy is used up in raising the temperature of the system 
(i.e. in increasing the internal energy of the system) and 
the rest is used up in doing external work against the 
surroundings. Thus, if AO is the heat energy supplied to 
a gas and if AW is the work done by it, then from the law 
of conservation of energy, the increase AU in the internal 
energy of the gas must be equal to (AO - AW) or 

A Q=AU+AW 

Here all quantities are measured in energy units (joule). 
This equation is the mathematical statement of the first 
law of thermodynamics which may be stated in words 
as 'if energy is supplied to a system which is capable of 
doing work, then the quantity of heat energy absorbed 
by the system will be equal to the sum of the increase in 
the internal energy of the system and the external work 
done by it.' It must be remembered that, according to the 
accepted convention, A Q is positive if heat is supplied 
to the system and negative if heat is taken out of it and 
that AW is positive when work is done by the system and 
negative when work is done on the system. AU is positive 
if the temperature of the system increases and negative if 
the temperature decreases. 

(3) Internal Energy 

Every system (solid, liquid or gas) possesses a certain 
amount of energy. This energy is called the internal energy 
and is usually denoted by the symbol U. The internal 
energy of solid, liquid or gas consists of two parts: (i) 
kinetic energy due to the motion (translational, rotational 
and vibrational ) of the molecules, and (ii) potential energy 
due to the configuration (separation) of the molecules. 

If the intermolecular forces are extremely weak or absent, 
then the change in internal energy is given by 

AU= nC v AT 

(4) Isothermal and Adiabatic Processes 

If a system is perfectly conducting to the surroundings and 
the temperature remains constant throughout the process, 
the process is called isothermal . During an isothermal 
process, the temperature of the system remains constant, 
but it can absorb heat from or lose heat to the surroundings. 
The process has to be extremely slow to be isothermal. 

During an adiabatic process, the system is completely 
insulated from the surroundings. It can neither give heat 
to nor take heat from the surroundings. Sudden processes 
are adiabatic such as the bursting of a cycle tube, the 
compression stroke in an internal combustion engine, etc. 
For an isothermal process , 

PV = constant => P { F, = P 2 V 2 
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For an adiabatic process 

PV 7 = constant 


Also 

and 


TV {/ !) = constant = 
-D 77 = constant 
pU-7) T Y = p(l-Y) jy 


P 1 v/=p 2 v 2 y 

7j VS y ~ l )=T 1 


where 


7=Sl 

c 


(5) Isobaric and Isochoric Processes 

If the pressure of the gas is kept constant, the process is 
called isobaric, i.e. P = constant or A P = 0. 

In an isochoric process, the volume of the gas is kept 
constant, i.e. V = constant or AF = 0. 

(6) Work Done in a Process 

The work done by a gas in expansion from volume V ] to 
volume V 2 is given by 


r j 

W= j PdV 


(1) Work Done in an Isothermal Process When an 
ideal gas is allowed to expand isothermally (i.e. at 
constant temperature) work is done by it. For an 
isothermal process, the equation of state for n moles 
of ideal gas is 

PV = nRT (1) 

where T is the constant absolute temperature and R 
is the universal gas constant. The value of R for all 
gases is R = 8.31 J K " 1 mol -1 . From Eq. (1) 

_ n R T 


The work done 


W= nRT j 


= nRT In -2- 


W = 2.303 nRT log 


where F, is the initial volume and V 2 , the final volume 
of gas. In terms of initial and final pressures, P, and 
P 2 , Eq. (2) can be written as (since P,F, = P 2 V 2 ) 


W = 2.303 nRT log - L 


(2) Work Done in Adiabatic Process When a gas 
undergoes an adiabatic change, the pressure-volume 
changes obey the relation 

PV Y = constant = C (3) 
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(9) C v , C p and y = C p /C v for an Ideal Gas 

(1) For a monoatomic gas, 

C ' = —, C ’ = — and y= - = 1.67 
2 p 2 3 


(2) For a diatomic gas, 


5/? 7/? 7 

C = —, C = — and y= - 

2 p 2 '5 


= - = 1.4 


(3) For a triatom ic or polyatomic gas 


C v = 3 R, C p = 4/? and 7 = — = 1.33 

3 

(10) Relation between C p , C v and 7 

C P ~C V =R 


C 


and -f = 7 or C p = yC 0 

Using (ii) in (i), we have 

R 


(0 

(ii) 


C v = 


j ^ y R 

- and C„ = - 

7-1 p 7-I 


EXAMPLE 18 Four moles of an ideal monoatomic 


gas 


Y = ~ 


are mixed with two moles of a diatomic gas 


V 


1\ 

= — . The value of yof the mixture will be 

5J 

7 

15 

(a) - 

( b ) V 

3 

8 

17 

19 

(c) — 

11 

< d >l 2 

SOLUTION 

For monoatomic gas , let 


C', = molar specific heat at constant volume 
= molar specific heat at constant pressure 
For diatomic gas , let 

C" = molar specific heat at constant volume 

C" = molar specific heat at constant pressure 
For the mixture , let 

C v and C p be the molar specific heats at constant volume 
and at constant pressure. 


Given 

Also 


C' 3 


and 


C 


// 


c 


rr 


7 

5 


r' -C' = R = C" -C" 

^ p ^ V /V ^ [) ^ V 


and 


C'= -R and C' = -R 
v 2 p 2 

C"= -R and C"=-R 
2 p 2 


Suppose the temperature of the mixture is increased 
by dT. The increase in the internal energy of the first gas 
= n x C' v dT. The increase in internal energy of the second 
gas = n 2 C" v dT and the increase in internal energy of the 
mixture = + n 2 )C v dT. Thus, 


(> 7 , + n 2 )C v dT= n x C' v dT + n 2 C" v dT 


or. 


c B = 


C P = C V + R = 


”\ C ’v 

/*i// 

+ n 2 C v 

"l 

+ /7-> 

«I C'v 

+ n 2 C'' 

n \ 

+ n 2 

«|( C ; 

» + R) + 


w,+ 

«.c; 

+ n 2 c; 


(0 


+ R 


n l + n 2 


(ii) 


C, 


p "1 Cp + n 2 C p 
From ( 1 ) and ( 11 ), 7 = — = - —— — 

c„ n x C v + 




4x 5 /? + 2x 7 7? . n 
2 _ 2 = 17 

4x J /? + 2x 5 ^ 11 

2 2 

EXAMPLE 19 A diatomic gas docs 100 J of work 
when expanded at constant pressure. The heat energy 
absorbed by the gas in this process is 

(a) 200 J (b) 250 J 

(c) 300 J (d) 350 J 


SOLUTION For a diatomic gas C v = — R and C f 

7 2 

— R. The work done in the isobaric process is 
<2 


t 2 -t 1 = 


w= P(V 2 -V 1 ) 


— nR T 2 - nR T { 


= nR(T 2 -T x ) 
W 


nR 


Heat absorbed is AO = nC p (T 2 -T x ) 

W 

= n C x — 
p nR 


W 

= C p x — 
p R 
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1R *00 ^ 

= —x-= 350 J 

2 R 

© EXAMPLE 20 5 moles of an ideal gas are 
compressed to half the initial volume at a constant 
temperature of 27.0°C. Calculate the work done in the 
process. Given R = 8.3 J K -1 mol 1 . Write your result up 
to appropriate significant figures. 

© SOLUTION Given T= 27.0°C = 300 K. Since T is 
constant, the process is isothermal 


W = nRT log, 


= 5 x 8.3 x 300 x log e \^~ 


= 5 x 8.3 x 300 x (- 0.693) 

= - 8628 J 

Since the value of R has two significant figures (s the 
value of W must be rounded off to 2 s.f. as 

W = - 8.6 x 10 3 J 

The negative sign indicates that work is done on the gas. 
© EXAMPLE 21 Two moles of a diatomic gas (y 
= 1.4) at 127°C are expanded adiabatically to twice the 
original volume. Calculate (a) the final temperature and (b) 
the work done in the process. Given R = 8.3 J K 1 mol 1 
and (0.5 )°- 4 = 0.76. 

O SOLUTION 


(a) T x Vp- ') = T 2 Vp- ■> 


T 2 = T ] -L 

[y 2 


(b) - (T x -T 2 ) 

( 7-0 

= 2x8.3 
1.4-1 


= (127 + 273) x (0.5) ( 


= 400 x0.76 = 304 K 


x (400-304) = 3984 J 


© EXAMPLE 22 A Carnot’s engine working between 
0°C and 100°C takes up 746 J of heat from the high 
temperature reservoir in one cycle. Calculate (a) the work 
done by the engine, (b) heat rejected to the sink and (c) the 
efficiency of the engine. 

© SOLUTION 7j = 100°C = 373 K, T 2 = 0°C = 273 K, 
Q y = 746 J 


= 1 - 


W=Q } 


7 ]-T, 


W = 746 x 


= 200 J 


373-273 


(b) Q 2 = Q a -W= 746 - 200 = 546 J 

(c) n = — = — = 0.268 = 26.8% 

Qx 746 


rj= I — h. = 1 — 273 =0.268 


Note 


© EXAMPLE 23 Figure 8.8 shows the P-V diagram 
of a cyclic process ABC A. Calculate the work done in 
process 

(a) A to B (b) B to C 

(c) C to ^ (d) ABCA 


P 

(Nnr 2 ) 



2 4 6 8 10 


V (litre) 


Fig. 8.8 


SOLUTION 


(a) W A _+ B = Area of ABED 

= Area of A ABC + area of rectangle BEDC 


= - AC xBC+ CD xDE 
2 


= — x 4 x 6 x 10 " 3 + 4 x 6 x 10 " 3 
2 

(y 1 litre = 10 3 m 3 ) 

= 36 x 10 3 J 

(b) W B ^ C = Arca of BEDC = “24 x 1 O ' 3 J 
Negative sign shows that the work is done on the gas. 

(c) W C ^ A = 0 (v volume is constant) 

(d) W ABCA = 36 x l(r 3 - 24 x 10 " 3 = 12 x 10 " 3 J 

which is equal to area enclosed by the closed loop 
ABCA. 
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EXAMPLE 24 5 moles of an ideal diatomic gas 

(y= 1.4) are heated at constant pressure. If 280 J of heat 
energy is supplied to the gas, find (a) the change in internal 
energy of the gas and (b) the work done by the gas. 

SOLUTION 

C ”C n AT 

(a) AU = n C V AT= n- 2 - x C AT = -- 

C p 7 

Given AQ = n C p AT= 280 J. Hcncc 

2.80 

AU = - = 200 J 

1.4 

(b) From first law of thermodynamics 

AW = AQ- AU = 280 - 200 = 80 J 

© EXAMPLE 25 5 moles of an ideal diatomic gas 

(y= 1.4) are heated at constant volume. If 280 J of heat 
energy is supplied to the gas, find the change in internal 
energy of the gas and the work done. 

© SOLUTION Since AV = 0, AW = 0. Hence from 
first law of thermodynamics, 

dU = dQ = 280 J 

© EXAMPLE 26 The pressure P of an ideal gas varies 
with volume Fas P = kV where k is a constant. The volume 
of n moles of the gas is increased from V to mV. Find the 
work done and the change in internal energy. 

mV mV 

SOLUTION W= j PdV = J kVdV 


v 


= k 


V 


mV 


kV 


(7W 2 -1) 


From first law of thermodynamics 

AQ=AU+ W 
=> nC p AT = AU + W 

=> n YC v AT = AU + w 

=> yAU=AU+W 

W 


C, 


\ 


... y — 


c 


■v J 

(v AU = n C v AT) 


AU = 


(7-1) 


kV 2 (m 2 - 1 ) 

2(7-D 


EXAMPLE 27 Two moles of a monoatomic gas 
undergo a cyclic process ABCA as shown in Fig. 8.9. 
Process A B is isobaric, process B —> C is adiabatic and 
process C —>A is isothermal. Find 

(a) pressure and volume at state C 

(b) total work done in the process ABCA. 

A B 


P 

(Nnr 2 ) 



SOLUTION 


P A = P B = 2 x 1 0 5 Nnr 2 


V A = 2 m\ V B = 5 m 3 and 
y = 1.67 (monoatomic gas) 
(a) For adiabatic process B —> C 

P B Vl = Pc Vc 

For isothermal process C —> A 


(i) 


P A V A = P c v c 


From (1) and (2), we get 


( 2 ) 

(••• p a =p b ) 


V C = 




\ v a j 


y -1 


Substituting the values of V A , V B and 7 , we get V c = 


= 0.2 x 10 5 N nr 2 


19.5 m 3 


Also 

p _ A A 

Vc 

W=W A ^ B +W B ^ c l 


= Pa(P B -V a ) + 


(7-1) 


(P B V B - P C V C ) 


+ Pa V a log. 


Substituting the values, we get 
W = 6 x 10 5 N nr 2 


/ y ^ 
v A 

kVcj 
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i i ■ 

SECTION 


Multiple Choice Questions with One Correct Choice 


1. A steel scale measures the length of a copper rod as L 
cm when both are at 20°C, the calibration temperature 
for the scale. If the coefficients of linear expansion 
for steel and copper arc a s and a c respectively, what 
would be the scale reading (in cm) when both are at 


21°C? 


<.n ( ' +a '> 

(1 + a.v) 

(b) L 

(c) L ^ 
a. 

(d) L 


2. In Q. 1 above, what would be the scale reading if the 
scale was made of copper? 

(a) L (b) L (1 + a c ) 


(c) L (1 - a ( .) (d) none of these 


3. A wire of cross-sectional area A at temperature 
t is held taut with negligible tension between two 
rigid supports. If the wire is cooled to a temperature 
(t - At), what tension is developed in the wire? The 
coefficient of linear expansion is a and the Young's 
modulus of the wire is Y. 


(a) YAa At 



AaAt 

Y 


(b) 

(d) 


YaAt 
A 
Y A 
aAt 


4. Two uniform brass rods A and B of lengths / and 2/ 
and radii 2 r and r, respectively are heated to the same 
temperature. The ratio of the increase in the length of 
A to that of B is 

(a) 1 : 1 (b) 1 : 2 

(c) 1:4 (d) 2 : 1 

5. When a metallic bar is heated from 0°C to 100°C, its 
length increases by 0.05%. What is the coefficient of 
linear expansion of the metal? 

(a) 5 x 10' 3 °C _1 (b) 5 x 10~ 4o C A 

(c) 5 x 10~ 5 °C~ ] (d) 5 x 10~ 6 °C" 1 


6. Two rods of different materials having coefficients 
of thermal expansion a x and a 2 and Young's modulii 
Y j and Y 2 are fixed between two rigid and massive 
walls. The rods are heated to the same temperature. 


If there is no bending of the rods, the thermal stresses 
developed in them are equal provided 



7. 300 g of water at 25°C is added to 100 g of ice at 0°C. 
The final temperature of the mixture is 



(c) - 5 °C (d) 0 °C 


8. 100 g of ice at 0°C is mixed with 100 g of water at 

80°C. The final temperature of the mixture will be 
(a) 0°C (b) 20°C 

(c) 40°C (d) 60°C 

9. A source of heat supplies heat at a constant rate to 
a solid cube. The variation of the temperature of the 
cube with heat supplied is shown in Fig. 8.10. The 
portion DE of the graph represents conversion of 



Fig. 8.10 

(a) solid into liquid (b) liquid into vapour 

(c) solid into vapour (d) vapour into liquid 

10. The reciprocal of the slope of the portion EF of the 
graph shown in Fig. 8.10 represents 

(a) latent heat of fusion 

(b) latent heat of vaporisation 
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(c) thermal capacity of the liquid 

(d) thermal capacity of the vapour 

11. A drilling machine of power P watts is used to drill 
a hole in copper block of mass M kg. If the specific 
heat of copper is s J kg _1 C _1 and 40% of the power 
is lost due to heating of the machine, the rise in the 
temperature of the block in T seconds will be (in °C) 


(a) 

0.6 PT 

(b) 

0.6 P 

Ms 

MsT 

(c) 

0.4 PT 

(d) 

0.4 P 

Ms 

MsT 


12. A copper block of mass 2 kg is heated to a temperature 
of 500°C and then placed in a large block of ice at 
0°C. What is the maximum amount of ice that can 
melt? The specific heat of copper is 400 J kg -1 °C _I 
and latent heat of fusion of water is 3.5 x 10^ J kg 1 . 

(a) | kg (b) ^ kg 

8 , f 10 , 

(c) ~ kg (d) — kg 


13. How much heat energy in joules must be supplied 
to 14 grams of nitrogen at room temperature to raise 
its temperature by 40°C at constant pressure. Molar 
mass of nitrogen = 28 and R is the gas constant. 

(a) 50 R (b) 60 R 

(c) 70 R (d) 80 R 


14. The dimensions of the coefficient of thermal 
conductivity are 

(a) ML" 1 T- 2 K- 1 (b) ML" 2 T" 3 K" 1 

(c) ML" 1 T" 1 K’ 1 (d) MLT" 3 K' 1 


15. Two different metal rods of the same length have 
their ends kept at the same temperatures 0, and 6 : 
with 0 2 > 9 V If A x and A 2 arc their cross-sectional 
areas and k { and k 2 their thermal conductivities, the 
rate of flow of heat in the two rods will be the same 
if 


(a) 

(c) 


A 

A 

A 

A 


/A 

A 

M. 

k 2 0 2 



(d) 


A 

A, 


t 

j h°i 

M. 


16. A cylinder of radius R made of a material of thermal 
conductivity k , is surrounded by a cylindrical shell 
of inner radius R and outer radius 2 R made of a 
material of thermal conductivity k 2 . The two ends of 
the combined system are maintained at two different 


temperatures. There is no loss of heat across the 
cylindrical surface and the system is in steady state. 
The effective thermal conductivity of the system is 


(a) k { + k 2 



k x + 3A' 2 
4 



A ^2 

k\ + k 2 




1 7. Two rods A and B of different materials are welded 
together as shown in Fig. 8.11. If their thermal 
conductivities are k x and A?, the thermal conductivity 
of the composite rod will be 


A 


B 

k 2 


d -- 


Fig. 8.11 


(a) 2(k ] + k 2 ) (b) | (£, + k 2 ) 

(c) (£| + k 2 ) (d) j (k, + k 2 ) 


18. Two different metal rods of equal lengths and equal 
areas of cross-section have their ends kept at the 
same temperatures 0, and 0 2 . If A', and k 2 are their 
thermal conductivities, p, and p 2 their densities and 
.v, and s 2 their specific heats, then the rate of How of 
heat in the two rods will be the same if 



PifL 
Pi S 2 



P\ s 2 
Pi S \ 



(d) A', — k 2 


19. Two rods of different materials having coefficients 
of thermal expansion a ]9 a 2 and Young's modulii Tj, 
Y 2 respectively are fixed between two rigid massive 
walls. The rods are heated such that they undergo the 
same increase in temperature. There is no bending 
of the rods. If cq : a 2 = 2 : 3, the thermal stresses 
developed in the two rods are equal provided Y x : Y 2 
is equal to: 

(a) 2:3 (b) 1 : 1 

(c) 3 : 2 (d) 4 : 9 

20. A solid sphere and a hollow sphere of the same 
material and size are heated to the same temperature 
and allowed to cool in the same surroundings. If the 
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temperature difference between the body and that of 
the surroundings is T, then 

(a) both spheres will cool at the same rate for all 
values of T 

(b) both spheres will cool at the same rate only for 
small values of T 

(c) the hollow sphere will cool at a faster rate for all 
values of T 

(d) the solid sphere will cool at a faster rate for all 
values of T 

21. A piece of metal floats on mercury. The coefficients 
of volume expansion of the metal and mercury arc y, 
and Yi respectively. If their temperature is increased 
by AT, the fraction of the volume of metal submerged 
in mercury changes by a factor 



'\+y 2 AT' 

v .1 + 7 i ST j 



"l + y 2 AT' 
J-Yi&Tj 



' \-y 2 AT ' 
J + 7i AT, 



Zi 

Yi 


22. The specific heat of helium at constant volume is 
12.6 J mol 'K *. What is the specific of hydrogen 
at constant volume in J moC'K" 1 ? Assume that the 
temperature of the gas is moderate. 

(a) 12.6 (b) 16.8 

(c) 18.9 (d) 21 

23. The temperature of a liquid does not increase during 
boiling. The heat energy supplied during this process, 

(a) increases the kinetic energy of the molecules of 
the liquid 

(b) increases the potential energy of the molecules 

(c) increases both the kinetic and potential energy of 
the molecules 

(d) is merely wasted since no increase occurs in the 
total energy of the molecules. 

24. Which one of the following statements is NOT true 
about the evaporation process? 

(a) Evaporation takes place from the surface of a 
liquid at all temperatures. 

(b) The rate of evaporation depends upon the area of 
the exposed surface of the liquid, nature of the 
liquid and its temperature. 

(c) The rate of evaporation is independent of the 
pressure to which the liquid is subjected. 

(d) The cooling produced in evaporation is a conse¬ 
quence of the fact that a liquid has latent heat. 

25. Two lumps of ice join together when pressed. Which 
one of following will appropriately account for this? 

(a) Ice lumps have a natural affinity for each other. 

(b) The latent heat of fusion of ice is high. 


(c) The melting point of ice decreases with increase 
in pressure. 

(d) The melting point of ice increases with increase 
in pressure. 

26. In Fig. 8.12, curves AB and CD represent the relation 
between pressure P and volume Kofan ideal gas. One 
of the curves represents an isothermal expansion and 
the other represents an adiabatic expansion. Which 
curve represents an adiabatic expansion? 

k c A 



Fig. 8.12 


(a) curve AB (b) curve CD 

(c) both (d) neither 

27. A Carnot's engine working between 27°C and 127°C 
takes up 800 J of heat from the reservoir in one cycle. 
What is the work done by the engine? 

(a) 100 J (b) 200 J 

(c) 300 J (d) 400 J 

28. In Q. 27, how much heat is rejected to the sink? 

(a) 600 J (b) 500 J 

(c) 400 J (d) 300 J 

29. In Q. 27, what is the efficiency of the engine? 


(a) 10% (b) 15% 

(c) 20% (d) 25% 

30. A Carnot’s engine working between 300 K and 600 
K has a work output of 800 J per cycle. How much 
heat energy is supplied to the engine from the source 
in each cycle? 

(a) 1400 J (b) 1500 J 

(c) 1600 J (d) 1700 J 

31. A Carnot's engine whose sink is at a temperature 

of 300 K has an efficiency of 40%. By how much 
should the temperature of the source be increased so 
as to increase the efficiency to 60%? 

(a) 250 K (b) 275 K 

(c) 300 K (d) 325 K 

32. When a coil of copper is kept at a certain distance 
above a flame, the candle keeps burning, but when 
the coil is placed over the flame, it is extinguished. 
This happens because 
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(a) the coil reduces the amount of oxygen necessary 
for burning 

(b) the coil prevents the setting up of convection cur¬ 
rents in air 

(c) the coil reduces the radiation losses 

(d) the coil conducts away heat very quickly and 
reduces the temperature of the flame to a value 
below the ignition temperature. 

33. Which one of the following statements is not true 
about thermal radiations? 


(a) All bodies emit thermal radiations at all tempera¬ 
tures 

(b) Thermal radiations are electromagnetic waves 

(c) Thermal radiations are not reflected from a mir¬ 
ror 

(d) Thermal radiations travel in free space with a 
velocity of 3 x I0 8 ms -1 

34. Two slabs A and B of different materials but of the 
same thickness are joined as shown in Fig. 8.13. 
The thermal conductivities of A and B are A', and 
A 2 , respectively. The thermal conductivity of the 
composite slab will be 

(a) (A', + A' 2 ) (b) ^ (A'! +A' 2 ) 


(c) \[k\k~ 2 



2k x k 2 
(k x + k 2 ) 


H - 1/2 - M 

-- 112 - H 

r 

A /q 

B k 2 



r / n 


Fig. 8.13 

35. A composite slab consists of two slabs A and B of 
different materials but of the same thickness placed 
one on top of the other. The thermal conductivities 
of A and B are A, and k 2 , respectively. A steady 
temperature difference of 12°C is maintained across 
the composite slab. If k x = k 2 /2, the temperature di¬ 
fference across slab A will be 

(a) 4°C (b) 8°C 

(c) 12°C (d) 16°C 

36. Two cylindrical rods of lengths /, and / 2 , radii /*, and 
r 2 have thermal conductivities A', and A 2 , respectively. 
The ends of the rods are maintained at the same 
temperature difference. If/, = 2 1 2 and r, = r 2 l 2, the 
rates of heat flow in them will be the same if k x lk 2 is 

(a) 1 (b) 2 

(c) 4 (d) 8 
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37. An ideal monoatomic gas is taken around the cycle 
ABCDA as shown in the P-V diagram. The work 
done during the cycle is given by (see Fig. 8.14) 


(a) 

- PV 

2 

(b) PV 

(c) 

2 PV 

(d) 4 PV 


P A 

t 2P, V 

2P.2V 

- > - —i 



► V 

Fig. 8.14 

38. How many calorics of heat are required to 
completely evaporate 1 gram of ice at 0°C? 

(a) 620 (b) 720 

(c) 820 (d) 920 

39. How much mechanical work must be done to 
completely melt I gram of ice at 0°C? 

(a) 4.2 J (b) 80 J 

(c) 336 J (d) 2268 J 

40. Two spherical balls A and B made of the same 
material, are heated to the same temperature. They 
are then placed in identical surroundings. If the 
diameter of A is twice that of B , ratio of the rates of 
cooling of A and B will be 

(a) 1 : 1 (b) 2 : 1 

(c) 4 : 1 (d) 1 : 4 

41. Hydrogen is a diatomic gas. Its molar specific heat a 
constant volume is very nearly 

3 R 


(a) 


(b) 


2 

5 R 
2 

1R 


(c) 

A 

(d) (a), (b) or (c) depending on the temperature. 

42. 743 J of heat energy is needed to raise the temperature 
of 5 moles of an ideal gas by 2 K at constant pressure. 
How much heat energy is needed to raise the 
temperature of the same mass of the gas by 2K. at 
constant volume? Given, molar gas constant R = 8.3 
JK" 1 mol" 1 . 

(a) 826 J (b) 743 J 

(c) 660 J (d) none of these 
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43. When an ideal gas at pressure P, temperature T 
and volume V is isothermally compressed to V/n, 
its pressure becomes P,. If the gas is compressed 
adiabatically to V/n , its pressure becomes P tr The 
ratio P/P a is (y= C p /C v ) 

(a) 1 (b) n 

(c) n y (d) 

44. The ratio of adiabatic bulk modulus and isothermal 
bulk modulus of a gas is (y= C f /C v ) 

(a) 1 (b) y 




( 7-0 

7 


45. Figure 8.15 shows the P— V diagram for a fixed mass 
of an ideal gas undergoing cyclic process ABCA. AB 
represents isothermal process. 


CD 

i— 

(/> 
c/> 
CD 

i_ 

CL 



1 / 


Fig. 8.15 


Which of the graphs shown in Fig. 8.16 represents 
the P —T diagram of the cyclic process? 




Fig. 8.16 

46. In Q. 45, if the temperature at A is P, what is the 
temperature at C? 

(a) 4 T (b) 2 T 


(C) T (d) l - 

47. In Q. 45, if the point C in Fig. 8.16 is at STP, what 

will be the temperature at A? 

(a) 0°C (b) 273 K 

(c) 100°C (d) 546 K 

48. Figure 8.17 shows the P-K diagram of a cyclic 
process. If c/O is the heat energy supplied to the 
system, c/U is the change in internal energy of the 
system and dW is the work done by the system, then 
which of the following relations is correct? 



v 


Fig. 8.17 

(a) d(Q = dU - dW (b) did = 0 

(c) dU = dW (d) dQ = - dW 

49. When two moles of oxygen is heated from 0°C to 
10°C at constant volume, its internal energy changes 
by 420 J. What is the molar specific heat of oxygen 
at constant volume? 

(a) 5.75 J K" 1 mol' 1 (b) 10.5 J K" 1 mol" 1 

(c) 21 J K 1 mol" 1 (d) 42 J K - 1 mol' 1 

50. When 20 J of work was done on a gas, 40 J of heat 

energy was released. If the initial internal energy of 
the gas was 70 J, what is the final internal energy? 
(a) 50 J (b) 60 J 

(c) 90 J (d) 110 J 

51. During an adiabatic compression of 5 moles of a gas, 
250 J of work was done. The change in the internal 
energy will be 

(a) 50 J (b) - 150 J 

(c) 250 J (d) - 250 J 

52. In a thermodynamic process, a system absorbs 
1 kilocalorie of heat and at the same time does 250 
joule of work. What is the change in the internal 
energy of the system? 

(a) 250 J (b) 3950 J 

(c) 4200 J (d) 4450 J 

53. An ideal gas at pressure P is adiabatically compressed 
so that its density becomes n times the initial value. 
The final pressure of the gas will be (y= CyCJ, 
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(a) nyp 


(b) n^P 


(c) h<H)/> (d) rf'-Vp 

54. A thin copper wire has a length L at 0°C. When heated 

to f°C, its length increases by 0.1%. If a thin copper 
plate of area (L x 2 L) is heated through the same 
range of temperature, its surface area will increase 
by 

(a) 0.1% (b) 0.2% 

(c) 0.4% (d) 0.8% 

55. Two spheres made of the same material have the 
same diameter. One sphere is hollow and the other 
is solid. If they are heated through the same range of 
temperature, 

(a) the hollow sphere will expand more than the 
solid sphere 

(b) the solid sphere will expand more than the hollow 
sphere 

(c) both spheres will expand equally 

(d) the hollow sphere will not expand at all. 

56. Two rods of lengths L ] and L 2 arc welded together 
to make a composite rod of length (L, + L 2 ). If the 
coefficients of linear expansion of the rods are a x 
and a 2 respectively, the effective coefficient of linear 
expansion of the composite rod will be 

(a) ^ («, + a 2 ) (b) V«i «2 



L x a, + L 2 a 2 

L\ + ^2 


(d) 


7^2 « 1 «: 

L\ + L~f 


57. The coefficient of linear expansion of an 
inhomogeneous rod changes linearly from a, to a 2 
from one end to the other end of the rod. The effective 
coefficient of linear expansion of the rod is 

(a) (a, + a 2 ) (b) - (a, + a 2 ) 

(c) V«| a 2 (d) (a, - a 2 ) 

58. Three rods of the same length are arranged to form 
an equilateral triangle. Two rods are made of the 
same material of coefficient of linear expansion a, 
and the third rod which forms the base of the triangle 
has coefficient of expansion a 2 . The altitude of the 
triangle will remain the same at all temperatures if 
the (X x /a 2 is nearly 

(a) 1 (b) I 

(c) \ (d) 4 

4 

59. A cylindrical block of wood floats vertically with 
80% of its volume immersed in a liquid at 0°C. When 
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the temperature of the liquid is raised to 62.5°C, the 
block just sinks in the liquid. The coefficient of 
cubical expansion of liquid is 

(a) 1 x 10 -3 K -1 (b) 2 x |(T 3 K.-' 

(c) 3 x 10 -3 K" 1 (d) 4 x 10 -3 K" 1 

60. A certain amount of heat energy is supplied to a 
monoatomic ideal gas which expands at constant 
pressure. What fraction of the heat energy is 
converted into work? 

(a) 1 (b) j 



61. Two blocks of the same thickness and thermal 
conductivities k A and k 2 are placed in contact. Their 
outer surfaces are kept at constant temperatures 7’, 
and 7V If T 2 > T x , and k 2 > k x the temperature of the 
interface in the steady state will be 



^ 2^2 + ^ 1^1 
k 2 + K 



k 2 T 2 - k { T t 




k 2 T x + k x T 2 
k 2 + k\ 



k 2 T\ - k x T 2 
(^2 ” ) 


62. A metal ball immersed in alcohol weighs W x at 0°C 
and W 2 at 59°C. The coefficient of cubical expansion 
of metal is less than that of alcohol. If the density of 
the metal is large compared to that of alcohol, then 

(a) W x > W 2 (b) W { = W 2 

W 

(c) W x < W 2 (d) W 2 = -j. 

63. Steam at 100°C is passed into 1.1 kg of water 
contained in a calorimeter of water equivalent 0.02 
kg at 15°C till the temperature of the calorimeter rises 
to 80°C. The mass of steam condensed in kilogram is 

(a) 0.13 (b) 0.065 

(c) 0.260 (d) 0.135 

64. A block of icc at - 10°C is slowly heated and 
converted to steam at 100°C. Which of the following 
curv es shown in Fig. 8.18 represents the phenomenon 
qualitatively? 



(a) (b) 
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Heat supplied Heat supplied 

Fig. 8.18 


65. Two cylinders A and B fitted with pistons contain 
equal amounts of an ideal diatomic gas at 
300 K. The piston of A is free to move, while that of 
B is held fixed. The same amount of heat is given to 
the gas in each cylinder. If the rise in temperature of 
the gas in A is 30 K., then the rise in temperature of 
the gas in B is 

(a) 30 K (b) 18 K 

(c) 50 K (d) 42 K 

66 . Two identical containers A and B fitted with 
frictionless pistons contains the same ideal gas at the 
same temperature and the same volume V. The mass 
of the gas in A is m A and that in B is m B . The gas in 
each cylinder is now allowed to expand isothermally 
to the same final volume 2 V. The changes in pressure 
in A and B are found to be A P and 1.5 A P, respectively. 
Then 

(a) 4 m A = 9 m B (b) 2 m A = 3 m B 

(c) 3 m A = 2 m B (d) 9 m A = 4 m B 

67. Two monoatomic ideal gases 1 and 2 of molecular 
masses A/, and M 2 , respectively are enclosed in 
separate containers kept at the same temperature. 
The ratio of the speed of sound in gas 1 to that in gas 
2 is 



68 . An ideal gas is initially at temperature T and volume 
V. Its volume is increased by AV due to an increase 
in temperature A T, pressure remaining constant. The 
quantity S = AV/(V AT) varies with temperature as 
(see Fig. 8.19). 



T T+AT T T+AT 

Temp (K) Temp (K) 

(a) (b) 



T T+AT T T+AT 

Temp (K) Temp (K) 

(c) (d) 

Fig. 8.19 

69. A monoatomic ideal gas, initially at temperature T {9 
is enclosed in a cylinder fitted with a frictionless 
piston. The gas is allowed to expand adiabatically to 
a temperature T 2 by releasing the piston suddenly. If 
L j and L 2 arc the lengths of the gas column before and 
after expansion respectively, then T x /T 2 is given by 



70. Starting with the same initial conditions, an ideal 
gas expands from volume V x to V 2 in three different 
ways. The work done by the gas is W { if the process 
is purely isothermal, W 2 if purely isobaric and W 3 is 
purely adiabatic. Then 

(a) W 2 > W x > W 3 (b) W 2 > W 3 > W x 

(c) W x > W 2 > W 3 (d) W X >W 3 > W 2 

71. A vessel contains 1 mole of 0 2 gas (molar mass 
32) at a temperature T. The pressure of the gas is P. 
An identical vessel containing one mole of He gas 
(molar mass 4) at a temperature 27 has a pressure of 

(a) £ (b) P 

o 

(c) IP (d) 8 P 

72. A vessel contains a mixture of 1 mole of oxygen 
and two moles of nitrogen at 300 K. The ratio of the 
rotational kinetic energy per 0 2 molecule to that per 
N 2 molecule is 

(a) 1 : 1 

(b) 1 : 2 

(c) 2 : 1 

(d) depends on the moment of inertia of the two 
molecules. 

73. Three rods of identical cross-sectional area and made 
from the same metal form the sides of an isosceles 
triangle ABC, right angled at B. The points/I and B are 

maintained at temperatures T and \fl T, respectively. 
In the steady state, the temperature of point C is T c . 
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vessel. It is given that the specific heat of water and 
ice are 1 kcal/kg/°C and 0.5 kcal/kg/°C respectively 
and the latent heat of fusion of ice is 80 keal/kg. 

(a) 7 kg (b) 6 kg 

(c) 4 kg (d) 2 kg 

82. Fig. 8.24 shows the P-V diagram for a fixed mass of 
an ideal gas undergoing cyclic process. AB represents 
isothermal process and CA represents adiabatic 
process. Which of the graphs shown in Fig. 8.25 
represents the P-T diagram of the cyclic process? 



Fig. 8.24 





(c) (d) 

Fig. 8.25 


83. A uniform metal rod of length L and mass M is 
rotating with angular speed co about an axis passing 
through one of the ends and perpendicular to the rod. 
If the temperature increases by /°C, then the change 
in its angular speed is proportional to 

(a) sfco (b) co 

(c) or (d) — 

co 


84. One mole of an ideal gas (y= 1.4) is adiabatically 
compressed so that its temperature rises from 27°C 
to 35°C. The change in the internal energy of the gas 
is (given R = 8.3 J/mole/K) 


(a) - 166 J (b) 166 J 

(c) - 168 J (d) 168 J 


85. A sample of an ideal gas has volume F, pressure 
P and temperature T. The mass of each molecule 
of the gas is m. The density of the gas is (k is the 
Boltzmann's constant) 

(a) mkT (b) ~ 




mP 

~kT 


86 . A gas does 4.5 J of external work during adiabatic 
expansion. Its temperature falls by 2 K. Its internal 
energy will 

(b) increase by 4.5 J (b) decrease by 4.5 J 

(c) decrease by 2.25 J (d) increase by 9.0 J 

87. A rod 1 m long and made of material of thermal 
conductivity 420 W/m/K has one of its ends in 
melting ice and the other end in boiling water. If its 
area of cross-section is 10 cm 2 , the amount of ice that 
melts in 1 minute is 

(a) 0.125 g (b) 75 g 

(c) 7.5 g (d) 450 g 

88 . The coefficient of real expansion of mercury is 18 x 
10 _5 /°C. A thermometer has a bulb of volume 10 6 m 3 
and the cross-sectional area of the stem is 0.002 cm 2 . 
The bulb is completely filled with mercury when the 
temperature is 0°C. When the temperature rises to 
I00°C, the length of the mercury column in the stem 
will be 


(a) 9 cm (b) 18 cm 

(c) 9 mm (d) 18 mm 


89. A closed hollow insulated cylinder is filled with 
gas at 0°C and also contains an insulated piston of 
negligible weight and negligible thickness at the 
middle point. The gas one one side is heated to 
I00°C. If the piston moves through 5 cm, the length 
of the hollow cylinder is 

(a) 13.65 cm (b) 27.3 cm 

(c) 38.6 cm (d) 64.6 cm 


90. 


When the temperature of a rod increases from t to t + 
At , the moment of inertia increases from / to / + A/. 
The coefficient of linear expansion of the rod is a. 


.• A/ . 

I he ratio — is 

/ 


(a) 


At 


(c) a At 



2 At 
t 


(d) 2a At 
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91. A metal sphere of radius r and specific heat 5 is 
rotated about an axis passing through its centre at 
a speed of n rotations per second. It is suddenly 
stopped and 50% of its energy is used in increasing 
its temperature. Then the rise in temperature of the 
sphere is: 


(a) 


2 /rW 
5 5 


(b) 


n 2 n 2 
10 r 2 S 


(c) - 7tr 2 n 2 S 
8 


(d) 


5 (nrriy 
145 


( l\ 

92. 5 moles of Hydrogen y = — initially at S.T.P. are 

v 5 J 

compressed adiabatically so that its temperature 


becomes 400°C. The increase in the internal energy 
of the gas in kilo-joules is: (R = 8.30 J mol -1 K" 1 ) 
(a) 21.55 (b) 41.50 

(c) 65.55 (d) 80.55 


93. During an adiabatic process, the pressure of a gas is 
proportional to the cube of its absolute temperature. 
The value of CJC V for that gas is: 




94. A steel rod and a copper rod have lengths L s and L c 
respectively at a certain temperature. It is found that 
the difference between their lengths remains constants 
at all temperatures. If a s and a c are their respective 
coefficients of linear expansion, the ratio LJL C is 
given by 



( a . ) 


( a 

(a) 

j+— 

(b) 

1 + ' 


l V J 


l <x e ) 


a c 


a r 

(c) 

s 

(d) 

c 


«c 


a s 


95. A uniform metallic circular disc, mounted on 
frictionless bearings, is rotating at an angular 
frequency co about an axis passing through its centre 
and perpendicular to its plane. The coefficient of 
linear expansion of the metal is a. If the temperature 
of the disc is increased by A/, the angular frequency 
of rotation of the disc will 


(a) remain unchanged (b) increase by acoAt 

(c) increase by lacoAt (d) decrease by lacoAt 

96. A vertical glass tube, closed at the bottom, contains 
a mercury column of length L 0 at 0°C. If y is the 
coefficient of cubical expansion of mercury a the 
coefficient of linear expansion of glass, the length of 
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the mercury column when the temperature rises to 
t°C is (assuming that / is not more than 100°C) 

(a) L, = L 0 [ 1 + (y-3 a)t] 

(b) L, = L 0 [ 1 + (y + 3aV] 

(c) L, = L q [\ + (y+ 2a)t] 

(d) L, = L 0 [\+(y-2a)t] 

97. The brass scale of a barometer gives correct reading 
at 0°C. The coefficient of linear expansion of brass 
is 20 x 10 6 per °C. The barometer reads 75 cm at 
40°C. The atmospheric pressure at 40°C is 

(a) 75 cm of Hg (b) 74.94 cm of Hg 

(c) 75.06 cm of Hg (d) none of these 

98. A metal cube of coefficient of linear expansion a is 
floating in a beaker containing a liquid of coefficient 
of volume expansion y. When the temperature 
is raised by AT, the depth upto which the cube is 
submerged in the liquid remains unchanged. If 
the expansion of the beaker is ignored, the relation 
between a and y is 

(a) a= — (b ) a = — 

3 2 

(c) a= 3 y (d) a = 2 y 

99. An ideal gas is expanded isothermally from a volume 
V x to volume V 2 and then compressed adiabatically 
to original volume V v The initial pressure is P, and 
the final pressure is P 3 . If the net work done is W, 
then 

(a) P 3 >P,, W>0 (b) P } <P ]9 W< 0 

(c) P 3 >P\, W< 0 (d) P 3 = P„ fV=0 

100. A thermally insulated rigid container contains an 
ideal gas at 27°C. It is fitted with a heating coil of 
resistance 50 Q. A current is passed through the coil 
for 10 minutes by connecting it to a d.c. source of 
10 V. The change in the internal energy is 

(a) zero (b) 300 J 

(c) 600 J (d) 1200 J 

101. Two different adiabatic paths for the same gas inter¬ 
sect two isothermals at T l and T 2 as shown in the P-V 
diagram (Fig. 8.26). Then 


P 
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(a) 

(c) 


K, 

K 

K 

y b 


K, 

v d 

Ki 

K 


(b) 

(b) 



Tl 

n 

R 

?2 


102. Figure 8.27 shows a cyclic process ABCA in the 
V-T diagram. Which of the diagrams shown in Fig. 
8.28 shows the same process on a P-V diagram. 



Fig. 8.27 



103. An ideal gas (y = 1.4) expands from 5 x 10 -3 m 3 to 
25 x 10 -3 m 3 at a constant pressure of 1x10^ Pa. The 
heat energy supplied to the gas in this process is 

(a) 7 J (b) 70 J 

(c) 700 J (d) 7000 J 

104. Three moles of an ideal gas are taken through a cyclic 
process ABCA as shown on T-V diagram in Fig. 8.29. 
The gas loses 2510 J of heat in the complete cycle. 
If T a = 100 K and T B = 200 K, The work done by the 
gas during the process BC is 


(a) 5000 J (b) - 5000 J 

(c) 4000 J (d) - 2500 J 

105. Liquid oxygen at 50 K. is heated at 300 K at constant 
pressure of 1 atmosphere. The rate of heating is 
constant. Which of the graphs shown in Fig. 8.30 
represent the variation of temperature (T) with time 
(/)? 



Fig. 8.30 

106. One mole of a monoatomic ideal gas is contained in a 
insulated and rigid container. It is heated by passing 
a current of 2 A for 10 minutes through a filament of 
resistance 100 Q. The change in the internal energy 
of the gas is 

(a) 30 kJ (b) 60 kJ 

(c) 120 kJ (d) 240 kJ 


107. The P-Fdiagram for/? moles of an ideal gas undergoing 
a process ^4 —> ^ is shown in Fig. 8.31. The maximum 
temperature of the gas during the process is 




Fig. 8.29 



nR 


(0 

2 nR 

Two litres of water (density = 1 g/ml) in an open- 
lid insulated kettle is heated by an electric heater of 


power 1 kW. The heat is lost from the lid at the rate 
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of 160 J/s. The time taken for heating water (specific 
heat capacity 4.2 kj kg -1 K" 1 ) from 20°C to 75°C is 

(a) 340 s (b) 550 s 

(c) 620 s (d) 760 s 


o ! = ioo°c 



e 2 = o°c 


109. A body cools from 75°C to 65°C in 5 minutes in a 
room where the temperature is 25°C. The temperature 
of the body at the end of next 5 minutes will be 

(a) 55°C (b) 56°C 

(c) 57°C (b) 58°C 

110. A liquid takes 6 minutes to cool from 80°C to 50°C. 
If the temperature of the surroundings is 20°C, how 
long will it take to cool from 60°C to 30°C? 

(a) 6 min. (b) 8 min. 

(c) 10 min. (d) 12 min. 

111. A body initially at 80°C cools to 64°C in 5 minutes 
and to 52°C in 10 minutes. The temperature of the 
surroundings is 

(a) 15°C (b) 16°C 

(c) 20°C (d) 25°C 

112. In Q. 111 above, the temperature of the body at the 
end of 15 minutes will be 


(a) 41°C (b) 43°C 

(c) 45°C (b) 47°C 

113. A sphere, a cube and a thin circular plate have the 
same mass and arc made of the same material. All of 
them are heated to the same temperature. The rate of 
cooling is 

(a) the maximum for the sphere and minimum for 
the plate. 

(b) the maximum for the sphere and minimum for 
the cube. 

(c) the maximum for the plate and minimum for the 
sphere. 

(d) the same for all the three. 


114. In the first experiment, two identical conducting rods 
are joined one after the other and this combination 
is connected to two vessels, one containing water 
at 100°C and the other containing ice at 0°C (see 
Fig. 8.32). In the second experiment, the two rods 
are placed one on top of the other and connected to 
the same vessels. If q ] and q 2 (in gram per second) 


are the respective rates of melting of ice in the two 
cases, then the ratio — is 


<.)i 
<c) \ 




<»7 



0 2 


o°c 


115. Two spheres A and B having radii 3 cm and 5 cm 
respectively arc coated with carbon black on their 
outer surfaces. The wavelengths of maximum 
intensity of emission of radiation are 300 nm and 
500 nm respectively. The respective powers radiated 
by them are in the ratio of 





116. In which of the following processes is the heat 
transfer promarily due to radiation? 

(a) Boiling of water 

(b) Land and sea breezes 

(c) Heating of a metal rod placed over a flame 

(d) Heating of the glass surface of an electric bulb 
due to current in its filament. 

117. A layer of ice at 0 °C of thickness x, is floating on a 
pond of water. L , p and k respectively are the latent 
heat of fusion of water, density of ice and thermal 
conductivity of ice. If the atmospheric temperature 
is - T°C, the time taken for the thickness of the layer 
of ice to increase from x, to x 2 is given by 

(a) -P— (x,+x 2 ) 2 (b) — (x 2 -x,) 2 

2kT 1 2 kT 2 1 



pL_ 
2 kT 


x- 






) 


118. Two identical rods AB and CD, each of length L, 
cross-sectional area A and thermal conductivity 
k are connected as shown in Fig. 8.33. Ends A , C 
and D are maintained at temperatures T ] = 20°C, 
T 2 ~ 30°C and T 3 ~ 40°C, respectively. The 
temperature at B is 

(a) 32 °C (b) 33 °C 

(c) 34 °C (d) 35 °C 
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LI 2- 


U 2- 


V/////////7^ 


i 


7-3 


D 


1a 



114. (d) 115. (c) 116. (d) 

118. (a) 


Solutions 


1. The length of 1 cm division of the steel scale at 21 °C 
is 

(1 cm) x [1 + a ? (21 —20)] = (1 + a s ) cm 
Length of copper rod at 21°C will be 


\ 

V' 

1 . (a) 

Answers 

2 . (a) 

Fig. 8.33 

3. (a) 

4. (b) 

(L cm) x [1 + a c (21 - 20)] = L (1+ oQ cm 
Scale reading at 21 °C = ^ + a c) 

0 + «J 

Hence the correct choice is (a). 

2. Then a s = a c . Hence the correct choice is (a). 

5. (d) 

6 . (d) 

7. (d) 

8 . (a) 

3. Let / be the length of the wire at temperature t and 
A / be the contraction in the length as the temperature 

9. (b) 

10 . (d) 

11 . (a) 

12 . (c) 

falls by At. Then 

13. (c) 

14. (d) 

15. (b) 

16. (c) 

A / = al At 

17. (d) 

18. (d) 

19. (c) 

20 . (c) 

(A A 

Strain in the wire — = a At. Now, Young’s 
modulus is ■ ^ ■ 

21 . (a) 

22 . (d) 

23. (b) 

24. (c) 

25. (c) 

26. (b) 

27. (b) 

28. (a) 

Y _ stress _ FI A _ FI 

29. (d) 

30. (c) 

31. (a) 

32. (d) 

strain A HI AAl 

. YAAl 

33. (c) 

34. (d) 

35. (b) 

36. (d) 

Tension in the wires is F= -= YAaAt 

l 

37. (b) 

38. (b) 

39. (a) 

40. (c) 

Hence the correct choice is (a). 

41. (d) 

42. (c) 

43. (d) 

44. (b) 

4. The increase in length due to heating is independent 

45. (c) 

46. (d) 

47. (d) 

48. (b) 

of the radius of the rod. The increase in the length of 
rod A is 

49. (c) 

50. (a) 

51- (c) 

52. (b) 

Al = alAt 

53. (a) 

54. (b) 

55. (c) 

56. (c) 

and of rod B is 

57. (b) 

58. (c) 

59. (d) 

60. (c) 

A/' = al'At = 2alAt (v l'= 21) 

61. (a) 

62. (b) 

63. (a) 

64. (a) 

Al 1 

65. (d) 

66 . (c) 

67. (b) 

68 . (c) 

A/' 2 

69. (d) 

70. (a) 

71- (c) 

72. (a) 

Hence the correct choice is (b). 

73. (b) 

74. (d) 

75. (b) 

76. (a) 

5. Given — = 0.05% = . Now 

/ 100 

77. (b) 

78. (a) 

79. (a) 

80. (c) 

81. (b) 

82. (a) 

83. (b) 

84. (b) 

a - - - 5 x Hr 6 °C _1 

/At 100x100 

85. (d) 

86 . (b) 

87. (c) 

88 . (a) 

Hence the correct choice is (d). 

89. (d) 

90. (d) 

91. (a) 

92. (b) 

6 . If a rod of length L and coefficient of thermal 

93. (d) 

94. (d) 

95. (d) 

96. (d) 

expansion a is heated to a temperature /, the increase 

97. (c) 

98. (b) 

99. (c) 

100 . (d) 

in the length is given by 

101 . (c) 

102 . (d) 

103. (d) 

104. (b) 

/ = ait 

Strain = — = at 

L 

105. (c) 

106. (d) 

107. (a) 

108. (b) 

109. (c) 

110 . (d) 

111 . (b) 

112 . (b) 

and stress = Y x strain = Y at 
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Since the value of t is the same for the two rods, the 
stresses in them will be equal if 
Y\ a { t = Y 2 a 2 1 



Hence the correct choice is (d). 

7. Let the temperature of the mixture be t° C. Heat lost 
by water in calories = 300 x 1 x (25 - /) = 7500 - 300/ 

Heat in calories required to melt 100 g of ice 

= 100 x 80 = 8000 
Now' Heat lost = heat gained 
or 7500-300/= 8000 

5 

or / =-°C 


Since / is negative, the water at 25°C cools to 0°C 
and melts a part of ice at 0°C. 

Heat lost = 300 x 1 x (25 - 0) = 7500 cal. Hence 
only a part of the ice melts and resulting temperature 
is 0°C. Hence the correct choice is (d). 

8 . The amount of heat required to convert 100 g of ice 
at 0°C into water at 0°C = 100 x 80 = 8000 calories. 
This is precisely the amount of heat lost by 100 g of 
water at 80°C to bring its temperature down to 0°C. 
Therefore, the temperature of the mixture remains 
0°C. Hence the correct choice is (a). 

9. The correct choice is (b). 

10. The reciprocal of the slope of the portion EF of the 
graph gives the amount of heat supplied per unit rise 
in the temperature of the vapour. This, by definition, 
is the thermal capacity of the vapour. Hence the 
correct choice is (d). 

11. Useful power available = 60% of P = 0.6 P watts. 
Therefore, energy consumed in T seconds = 0.6 FT 
joules. This energy is used up in heating block. If the 
rise in temperature A 0 , then 

0.6 PT = MsA6 


or 


A 0 = 


0.6 PT 
Ms 


Hence the correct choice is (a). 

12. Heat energy in copper block = 2 x 400 x 500 = 
4 x 10^ J. The amount of ice that melts will be 
maximum if the entire heat energy of the copper block is 
used up in melting ice. Now, 3.5 x 10 5 .1 of heat energy 
is needed to melt 1 kg of ice into water. Therefore, the 
amount of ice melted by 4 x 10 6 J of heat energy is 

4 x 10 5 J _ 8 

3.5 x 10 5 J kg -1 7 k§ 

Hence the correct choice is (c). 


13. Number of moles in 14 grams of nitrogen (/?) = 14/28 = 

^ . Since nitrogen is diatomic C f) = 1R/2. Therefore, 

amount of heat energy supplied = n x C p x A 0 

1 7 R 

= — x — x 40 = 10R joules 

Hence the correct choice is (c). 

14. For a bar of cross-sectional area A , length / and 
having temperatures 0, and 0 2 at its two ends, the 
amount of heat energy Q flowing normally across the 
bar in time / is given by 

kA{e,-e 2 )t 
y i 

where k is the coefficient of thermal conductivity. 
Therefore, 

it- Q' 

40,-02 )' 

dimensions of Q x 
dimensions of / 

/. Dimension of k =- 

dimensions of A x dimensions 

of (0, - 0 2 ) x dimensions of / 


ML 2 T ~ 2 x L 
L 2 x K x T 


= MLT ” 3 K 1 


Hence the correct choice is (d). 


15 . 


Rate of flow 2 is 


Q 

t 


hA(o 2 -e i) 

/ 


Since (0 2 - 0,) and / are the same for the two rods, 
the rate of flow 2 Qlt will be the same if the product kA 
is the same for the two rods, i.e. if 


or 


A \ k 2 

A 2 k x 


Hence the correct choice is (b). 


16. Let the length of the cylinder be / and let its ends be 
maintained at temperatures 0, and 0 2 . Area of the 
cross-section of the inner cylinder = kR 2 . Area of 
cross-section of outer cylinder = tz( 2R) 2 - nR 2 = 3 kR 2 . 
Rate of flow 2 of heat across inner cylinder is 

e , - (i) 

Rate of flow 2 of heat across the outer shell is 



M3/r/? 2 )(0, -0 2 ) 

T 



Let the effective thermal conductivity of the 
compound cylinder be k. The rate of flow of heat 
across the compound cylinder is 
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k{4nR 2 )(0,-e 2 ) 
^ l 


(iii) 


Now Q = Q\ + Q 2 (iv) 

Using (i), (ii) and (iii) in (iv), we get 4 k = k { + 3 k 2 

A, + 3A-, 


or 


k = 


Hence the correct choice is (c). 

17. If the ends of the rods are maintained at temperatures 
0 , and 0 : , the rate of flow of heat through each rod is 
given by 


e. = 


_ k A A{6 ] -d 2 ) 


d 


and 


q _ k 2 A(Q { 0 2 ) 


where A is the cross-sectional area of each rod and 
d is the length of each rod. Now the cross-sectional 
area of the composite rod is 2A. If A is the thermal 
conductivity of the composite rod, the rate of heat 
flow is 

Q _ k(2A){e x -e 2 ) 


Bui 


Q = Qi + 02 - Therefore 


k(2A)(0 { -e 2 ) = k x A{d,-d 2 ) + k 2 A(e { -e 2 ) 


d 


d 


1 


or 


A - - (A, + A 2 ) 


Hence the correct choice is (d). 

18. Refer to the solution of Q. 15. The correct choice is 

(d). 

19. Let / be the original length of the rods. Let them be 
heated so that the increase in temperature is t°C. 
Increase in length = a 11 

where a is the coefficient of linear expansion of the 
rod. 

Strain = al til = at 
Stress = Y x strain = Y at 

Stresses are equal for the two rods if 
Y\ a, / = Y 2 a 2 1 


or 


Y\ _ a 2 _ 3 

a. 


Hence the correct choice is (c). 

20. The correct choice is (c). 

21. The correct choice is (a). It follows from the fact 
that the volumes of metal and mercury increase to 


T 0 (1 + y, AT) and V 0 (1 + y 2 AT) respectively; 
V 0 being the initial volume. 

22. Helium is a monoatomic gas. For He, C v = —. 

5 R 

Hydrogen is a diatomic gas for which C v = — at 

2 

moderate temperature. Therefore, 

C v for hydrogen = C v for Helium x — = 12.6 x - = 

^ 3 

21 J mol" 1 K" 1 . Hence the correct choice is (d). 

23. The correct choice is (b). 

24. The only incorrect choice is (e). 

25. The correct choice is (c). 

26. For isothermal expansion PV = constant. Partially 
differentating we have 

V AP + PAY = 0 
AP P 
AT ~ ~V 


or 


For adiabatic expansion PV Y = constant. Partially 
differentiating we have 

V*AP+ yV*- 1 AVP = 0 

Ap yp 


or 


AT 


T 


Thus, the slope at any point on the adiabatic curve is 
y times that for isothermal curve. Hence curve CD 
represents adiabatic expansion. 

27. T x = 127°C = 127 + 273 = 400 K, T 2 = 27°C = 300 K, 
Q = 800 J. 

The efficiency of the engine is given by 


n 


W 


0 


= i 


T, 


Work done W= Q 


1 -^ 

Tx) 


= 800 x 


1 -—) =200 J 
400 J 


Hence the correct choice is (b). 

28. Heat rejected to the sink = heat energy supplied 
useful work done 

= 800 - 200 = 600 J 

Hence the correct choice is (a). 

29. The efficiency of the engine is 

W 

rj = — which the same as 

0 

1 _ 7^ = 200 = o_ 25 


1 


800 


Hence the correct choice is (d). 
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W T 300 

30. — = 1-2. = i-= 0.5. Therefore Q = 2W = 

Q T x 600 

2 x 800 = 1600 J. Hence the correct choice is (c). 


31. T 2 = 300 K. Now T] = 1 - T 2 /T x . When rj = 40% = 0.4, 
the value of T x is given by 

= 1 -0.4 = 0.6 


T, 


or 


_ l 2 _ 


300 


= 500 K. When 


0.6 0.6 

ij = 60% = 0.6, the value of T 2 should be 

r = — = 750 K 
2 0.4 

.*. T 2 -T 2 - 750 - 500 = 250 K, which is choice (a). 


32. The correct choice is (cl). 

33. Thermal radiations obey the laws of reflection. 
Hence the correct choice is (c). 

34. The thermal resistance of a slab of length /, area A 
and thermal conductivity k is given by 


kA 

1/2 

For slab A : R x = - 

k x A 

1/2 

For slab B : R 2 = - 

2 k 2 A 


Since the slabs are joined in scries, the thermal 
resistance of the composite slab is 


R c — R\ R 2 

i in in 

or - = - H- 

k c A k x A k 2 A 


or 


which gives 



\_ 

2 


Ul ^2 J 

2 k x k 2 


(k\ + k 2 ) 


Hence the correct choice is (d). 

35. Let 6 1 and 0 2 be the temperatures at the two faces 
of the composite slab and let 0 be the temperature at 
the common face of the slab. If / is the length of each 
slab and A the area of their face, then, in the steady 
state, the rate of flow of heat across A = rate of flow 
of heat across B, i.e. 

k ] A(e ] -e) = k 2 A(e-e 2 ) 

7 7 

or k x (6 x - 6) = k 2 (0- 0 2 ) 

Now k 2 = 2 k x . Therefore 


(0 ] -0) = 2(0-Q 2 ) (i) 

Also, 0, - 0 2 = 12°C or 0 2 = 0, - 12 (ii) 

Using (ii) in (i) we have 

( 0 1 - 0 ) = 2 { 0 -( 0 ,- 12 )} 

or 3(0j - 0) = 24 

or 0, - 0 = 8°C 

Hence the correct choice is (b). 

36. The rate of heat flow in rods A and B are 

Q x _ k\7tr x A 6 

h 

, Q o k 2 7cr 2 AQ 

and =-*- = ——-- 

* h 

Qi =02, if 

k\ r \ _ k 2 r 2 

A h 

or L = i x ^-=2x (2) 2 = 8 

^2 h r \ 

Hence the correct choice is (d). 

37. Work done = area enclosed by P-V graph 

= area of ABCD = AB x BC 


= (2P - P) x (2V- V) = PV 
Hence the correct choice is (b). 

38. (i) Heat required to convert 1 g of ice at 0°C to water 
at ()°C = 80 calories, (ii) Heat required to convert 
I g of water at 0°C to water at 100°C = 1 x 1 x 100 = 
100 calories, (iii) Heat required to evaporate 1 g of 
water at 100°C = 540 calories. Total heat required 
= 80 + 100 + 540 = 720 calories. Hence the correct 
choice is (b). 

39. Work done = latent heat of fusion of ice = 80 calories 
= 80 x 4.2 = 336 J. Hence the correct choice is (c). 

40. The rate of cooling is directly proportional to surface 
area if the balls are made of the same material. Since 
the surface area of A is 4 times that of B, the correct 
choice is (c). 

41. The correct choice is (d). 

The molar specific heat at constant volume of a gas 
is given by 


where n is the number of degrees of freedom. In 
the temperature range of 250 to 750 K, hydrogen 
(which is diatomic) has 5 degrees of freedom—three 
for translational modes and 2 for rotational modes. 
Hence, in this temperature range, C v = 5R/2. As the 
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temperature is decreased, the rotational modes are 
suppressed and translational modes survive. Hence 
at lower temperatures, hydrogen has only three 
dominant degrees of freedom. Therefore, C v = 3RI2. 
At higher temperatures, two additional degrees of 
freedom corresponding to vibrational modes appear, 
so that hydrogen now has seven degrees of freedom. 
Consequently, at high temperatures C v of hydrogen 
= 7R/2. 

42. Heat energy needed to raise the temperature of n 
moles of a gas through ATkelvin at constant pressure 
is 

Q = n C p AT = 743 J (given) 

Heat energy needed to raise the temperature of n 
moles of a gas through A/'kelvin at constant volume 
is 

Q' = nC v AT=n(C p - R)AT (v C p - C v = R) 
= nC p AT- nRAT 

= 743 - 5 x 8.3 x 2 
= 743 - 83 = 660 J 
Hence the correct choice is (c). 

43. For isothermal process, PV= constant. Therefore 

py = pv 
v 

or P i -=PV 

n 

or Pj-nP (i) 


For adiabatic process, PV Y = constant. Therefore 
P a ( V a) Y=PVY 


or 


or 


a 


fvy 

- = pyy 

\n J 

P.. = n Y P 


(ii) 


From (i) and (ii) we get 


P 


l _ 


a 


n 


= n (\-Y) 


n 


Hence the correct choice is (d). 
44. Bulk modulus is defined as 

V A P 


B=- 


AV 


For adiabatic process, PV r = constant. Differentiating 
partially, we get 

A pyr+PyW- 1 =0 


or 


V A P 
AV 



Therefore B a = yP 


Similarly, for isothermal process, PV = constant 
gives 


B^P 

Hence BJB , = y which is choice (b). 

45. Curve AB represents isothermal change in which 
the pressure decreases from 2 P to P and volume 
increases from V to 2V, the temperature remaining 
constant. Since the temperature remains constant 
between A and B , the P-T graph should be 
perpendicular to T-axis between A and B. Hence 
graph (d) is obviously wrong. Diagrams (a) and (b) 
are also incorrect, because according these graphs, 
the pressure remains constant between A and B. But 
the pressure reduces from 2 P to P between A and B. 
Hence the only correct choice is diagram (c). 

46. Volume at A = Volume at C = V 9 but pressure 
at A = 2P and at C = P. According to Charles’ 
law, at constant volume, P °c T. Hence the temperature 

T 

at A = —, which is choice (d). 

2 

47. If point C is at STP, the temperature at C = 273 K. 
Therefore, temperature at A = 2 x 273 =546 K, which 
is choice (d). 

48. In a cyclic process, the system returns to its initial 
state. Hence the change in internal energy dU = 0. 
Therefore, choice (b) is correct. 

49. Since the volume remains constant, dW= 0. Hence 

dQ = dU = 420 J 

But d(Q = n C v dT - 2 x C v x 10 

(v dT = 10°C= 10 K) 

or 20 C v = 420 or C v = 21 J K" 1 mol \ 
which is choice (c). 

50. From the first law of thermodynamics, dQ = dU+dW 
or dU = dQ- dW = 40 - 20 = 20 J. Since heat energy 
is released by the gas, its internal energy is decreased 
from 70 J to 70 - 20 = 50 J. Hence the correct choice 
is (a). 

51. In an adiabatic process, dQ = 0. Therefore, dU = 
- dW, i.e. change in internal energy = work done. 
Since work is done on the gas dW is negative. Hence 
dU = - (- 250) = 250 J. Thus the internal energy 
increases by 250 J. Hence the correct choice is (c). 

52. Here dO = 1 kilocalorie = 1000 cal = 1000 x 4.2 = 
4200 J. Now dU= dQ- dW= 4200 - 250 = 3950 J. 
Hence the correct choice is (b). 

53. Let m be the mass of the gas and V its initial volume. 
Then initial density is p = m/V. Final density p, = up. 
Let P, be the final pressure and F, the final volume. 
Now, for an adiabatic process 

PVY = Pi v\ 


or 


( m V 


\P) 


= P, 


f \Y 
/ m \ 


KP\ J 
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or 


p _ Pi 


p 


( v m = constant) 


or 


Px = P 


'pP t 

p J 


POP 7 


Hence the correct choice is (a). 

54. The surface area of plate is A = L x 2L = 2L 2 . 
Taking logarithm, we have log A — log 2 + 2 log L. 
Differentiating, we get 

— = 2— = 2x0.1% = 0.2% 

A L 

Hence the correct choice is (b). 

55. The correct choice is (c). 

56. Total length of the composite rod at 0°C is L 0 = L, 
+ L 2 . When the composite rod is heated to t° C, its 
length at t° C will be L = L x (1 + a, t) + L 2 (1 + as 0 
= (L, +Z, 2 ) + Z,, a, t + L 2 a 2 1 , or 

L = L 0 + (I, a, + Zo a 2 )/ 

.*. Effective coefficient of expansion of the composite 
rod is 


a = 


L- L 0 _ 1 ,( 2 , + L 2 a 2 


L 0 / 


L, + L~> 


, which is choice (c). 


57. Consider a small element of length dx at a distance 
x from one end of the rod. Let L be the length of 
the rod. Now the increase in the coefficient of 
linear expansion per unit length of the rod is 
(a 2 - a,)/L. Therefore, the value of a at the element 
located at x is 


a x = a, + 


f a 2 - a, 


/. Increase in the length of the element = a x dx AT, 
where AT is the rise in temperature. Therefore, the 
increase in the length of rod is 

L 

AL = | a x dx AT 


V 

= AT j ja, + 


( a 2 - a, ^ 


L 


x 


) 


dx 


= AT 


a x x + 


a 2 - a. 


~2 


= AT 
' a x +a 2 


( «2 “ «1 1 

/ 

l 2 J 

L 


L A T = a eff L A T 


where a efr = — (or, + or 7 ). Hence the correct choice 
is (b). 2 

58. Let L be the length of each rod at 0°C and h 0 be the 
altitude AD at 0°C. Then (Fig. 8.34), 



( 1 ) 


When the rods are heated to a temperature /, the 
altitude becomes 

-il/2 


h = 


2 L /, . .\2 


Lr{ 1 + a,/) - — (l + a 2 /) 


Since or, and a 2 are much less than unity, we can 
write (1 + a, t) 2 - 1 + 2 a, t and (1 + t) 2 - 1 + 2 a 2 1 . 

Thus 

nl/2 


h = 


[} (1 + 2 a,/) - (1 + la 2 t) 


( 2 ) 


Equating (1) and (2), we get (v Given that h = h 0 ) 


f w2 ^ 1/2 r 

L 2 -- 
4 


v 


j 


Lr 

L 2 (1 + 2 a,/) - — (1 + 2 a 2 /) 


nl/2 


a 1 

which simplifies to give — = —, which is choice 
(C). a 2 


a^ 4 


59. Weight of cylinder = weight of the liquid displaced, 
i.e. 


or 


Ahp f) = A x (0.8 h) x p 0 
_ Pb _ ^Pb 


Po 


0.8 


( 1 ) 


Here p 0 is the density of the liquid at 0°C. For the 
block to sink in the liquid at /°C, the density of the 
liquid must change from p 0 to p at t°C. Now 

Po 


P = 


1 + yt 


( 2 ) 


For the block to sink p = p h . Using (1) and (2), we 
have 
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W 4 

1 + yt 


or 1 + yt = — 

4 

Given / = 62.5°C. Using this value, we gel y = 
4 x 10 -3 (°C) _I or K” 1 , which is choice (d). 

60. Heat energy supplied dQ = C p dT. Change in internal 
energy dU = C v dT. Therefore, work done dW = dQ 
-dU - (C p - C v )dT. 

dW = (C p -C v )dT 
dQ C p dT 


y 5/3 5 

(v y= 5/3 for a monoatomic gas) 


Hence the correct choice is (c). 

61. Let T be the temperature of the interface in the steady 
state and let d be the thickness of each block. Now, 
in steady state, the rate of How of heat through each 
block must be the same, i.e. 


63. Let the mass of steam condensed be m kg. The latent 
of vaporisation of water = 556 keal/kg. Therefore, 
heat lost by steam = 556 m + m (100 - 80) = 576 
/?? keal. Heat gained by calorimeter and water = (1.1 
+ 0.02) (80 - 15) = 72.8 keal. Now, heat lost = heat 
gained, i.e. 

576 m = 72.8 or m = 0.13 kg, which is choice (a). 

64. When heat is supplied, firstly the temperature of 
ice increases from - 10°C to 0°C. At 0°C, ice starts 
melting at a constant temperature. When the whole 
of ice has melted into water, the temperature of water 
will increase from 0°C to 100°C. At 100°C, again the 
temperature becomes constant due to the conversion 
of liquid water into water vapour (steam) at 100°C. 
Hence the correct graph is (a). 

65. Heat is given to the gas in cylinder A at constant 
pressure while the same amount of heat is given to 
the gas in cylinder B at constant volume. Ileal given 
to gas in A is 

Qa=" C p& t a 

Heat given to gas in B is Q B = nC v A T B 


k x A{T x -T) = k 2 A(T - T 2 ) 
d d 

or k x (7' 1 - T) = k 2 (T- T 2 ) 


k T + k T 

which gives T = ——-—, which is choice (a). 

k i + k 2 

62. Let V 0 be the volume of the metal at 0°C and V t its 
volume at fC. At temperature t the upthrust is 

U' = V tPl g 


where p, is the density of alcohol at temperature t. 
Now- 


Si nee Q a = Q b , we have 


*C P at a = nC v at b 


66 . 


or 


AT b 


c p 


c 


AT, 


- x 30 K = 42 K 
5 


(v for a diatomic gas, C P /C V = 7/5) 
Hence the correct choice is (d). 

The equation of state for an ideal gas of mass m and 
molecular mass M is 


V, = V 0 Q + Y t) 

where y is the coefficient of cubical expansion of 
alcohol and V 0 is the volume of alcohol displaced at 
temperature t = 0°C. Now the density of alcohol at 
temperature t is 


where p 0 is the density of alcohol at t = 0°C. Hence 


v,= *oO + /')x 


Po8 

(1 + yt) 


V 0 p 0 g C 0 


where U 0 is the upthrust at 0°C. Since the upthrust 
is independent of temperature, = W 2 . Hence the 
correct choice is (b). 


(ii) 


m 

PV= — RT 
M 


(0 


For an isothermal process, T = constant. 
Differentiating (i) partially at constant T, we get 

PAV + VAP =0 

AV 


or 


AP= - P 


V 


From (i), P = 


mRT 


A P =- 


MV 
mRT 


. Using this in (ii), we get 


M 


(v AV = 2V- V= V) 


AF>a = ~ ^77^ and APb = ~ 
M 


m B RT 

M 
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,, &Pa m A 

Hence —— = — 


A P 


B 


m 


B 


Given A P B = 1.5 A P A . Therefore, 


1 


m 


A 


1.5 m 


B 


or 3 m A = 2 m B , which is choice (c). 


67. The speed of sound in a gas of bulk modulus B and 
density p is given by 


B 

V= A— 

P 

Bulk modulus B is given by B = - 


VAP 

~AV~ 


Now, for a perfect gas, PV = nRT. Differentiating at 
constant T we get 

VAP 

PAY + VAP = 0 or - =-P 

AV 


Hence v = .1— 

P 

If m is the mass of the gas and M its molecular mass, 
then 

PV= — RT or PM- } ^~ = pRT 
M V 


or 


P RT 7 RT 
or ir = 


M 


Hence v ] = 


'RT 

A/, 


M 


and v 2 = 


or v = 


RT 


RT 


which give 


v 


i _ 


ir 


M. 

A/, 


, which is choice (b). 


'2 \ 1Yl \ 

68 . For a ideal gas, PV = nRT. Since pressure P is kept 
constant. 


1 AV 1 1 

or-or o - 

V AT T T 


Thus, the value of 8 decreases as T is increased. 
Hence the correct choice is (c). 

69. For adiabatic process, T\ = T 2 V 2 ^ 7 ~ l \ Thus 



f v 


\ y \ ) 


For a monoatomic gas, y= 5/3. Also V 2 /V l = L 2 !L ,. 
Hence 




, which is choice (d). 


70. Since the slope of the P-V graph for adiabatic 
expansion is / times that for isothermal expansion, 
curves AB and AC in Fig. 8.35(a) respectively 
represent isothermal and adiabatic expansions of the 
gas from initial volume V x to final volume V 2 . 

As the area under curve AB between volumes V { and 
V 2 is greater than the area under curve AC between 
V l and V 2 , it follows that W x > W 3 . 

Figure 8.35(b) shows the P-V graph for isobaric (at 
constant pressure) expansion from initial volume 
V l and pressure P l to final volume V 2 ; the pressure 
remaining unchanged at P,. Comparing figures (a) 
and (b) we find that the area under AD between 
volumes V ] and V 2 is greater than the area under 
curves AB and AC. Hence W 2 is greater than W x and 
W y Hence the correct choice is (a). 

71. For a gas, PV= nRT. Hence 



(1 mole) RT 
V 


and (P) He = 


(1 mole) R(2T) 
V 


PAV= nRAT 

AV nR nRV V 

or - = — =-= — 

AT P nRT T 



(Oc 

(^)o 2 


= 2 or (P) He = 2 (P)o^ which is choice (c). 



Fig. 8.35 
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72. Since both the gases are diatomic, each has two 
degrees of freedom associated with rotational motion. 
According to the law of equipartition of energy, the 
rotational kinetic energy per degree of freedom is 
(1/2 )kT. Since the temperatures of the two gases are 
equal, their rotational kinetic energies will be equal. 
Hence the correct choice is (a). 

73. Refer to Fig. 8.36. Since T B > T A , heat flows from B 
to A and from B to C. In the steady state, rate of flow 

of heat from B to C = rate of flow of heat from C to 
02 03 


A , i.e. 


t t 


Q 


V 


A 


i Q' 


B 


T 


Q i 

Fig. 8.36 


772 


or 


n ( r,-r c ). u(Xc-T) (v , f = V j sc) 


which gives 


T, 


c 


T V 2+1 

choice (b). 

74. The rate of loss of heat is given by 


(v T b -T V 2 ), which is 


ms 


d6_ 

dt 


= (4 Kr) gT 4 


. . dO r 2 

.*. Initial rate ot cooling is — — . Since 


dt ms 


m = — nr* p, roc w 1 \ Hence 
3 K 


d6 m 


2/3 


oc 


dt 


m 

1 


oc 


m 


1/3 


Therefore 


dO 

dt 


for .S', 


( 


dO 

dt 


for S' 


m of S-, 


xl/3 


m of S 


1 / 


1 

3) 


\'t* 


which is choice (d). 

75. Let A and / be the area of cross-section and the 
length of each rod. If £ is the coefficient of thermal 
conductivity and t°C the temperature of the junction 


0 , then the rates at which heat energy enters O from 
rods A and B are (Fig. 8.37) 



90°C 


90°C 


and 


_ kA (90 —t) 

Q, T 


The rate at which heat energy flows in rod C is 

kA (t - 0) 


Qc = 


l 


In the steady state, rate at which heat energy enters 
O = rate at which heat energy leaves O, i.e. 

Qa + Qb= Qc 

kA (90 - 1) kA (90 - /) _ kA(t- 0) 

° F / + / " / 
or (90 -/) + (90 - t) = t 

or 3 / = 1 80 or / = 60°C. Hence the correct choice 

is (b). 

76. From the first law of thermodynamics, we have 

dU = d(Q - dW 

Given dW = 0 and dQ < 0. Hence the change in 
internal energy dU < 0. Now, for an ideal gas, the 
internal energy can decrease only by decrease in 
temperature. Hence the correct choice is (a). 

77. For an adiabatic process, PV Y = constant. 
Differentiating, we have 

Y pvr-' + — yy= o or — = _ 

dV dV V 

Thus the slope of P-V curve is proportional to y. 
Now, for a diatomic gas, y(= 7/5) is less than that for 
a monoatomic gas for which y— 5/3. Therefore, the 
slope of the P-V curve is less for a diatomic gas than 
for a monoatomic gas. Hence curve 1 corresponds to 
diatomic gas and curve 2 to monoatomic gas. Thus, 
the correct choice is (b). 
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78. Process A -» B occurs at constant pressure. Hence 
the work done in this process is (refer to Fig. 8.22 on 
page 8 . 21 ) 

W AB = PdV=P(V 2 -V ] ) = 10 x (2 - 1) = 10 J 

Process B —> C, occurs at constant volume. Hence 
W BC = 0. Given O = 5 J, i.e. total work done is W, = 
5 J. Therefore, we have 

w t = W AB +W BC +W CA 
or 5=10 + 0 + W CA 

or Wca = - 5 J, which is choice (a). 

79. For an ideal gas ,pV= nRT. Differentiating, we have 
since T is kept constant 


P 


dV_ 

dp 


+ V=0 or 


dV_ 

dp 


V_ 

P 


Hence 



V 


( dV_ 
dp 


P 


Therefore, choice (a) correctly represents the graph 
of p versus p. 

80. The length of each rod increases by the same amount 
if /, a, = l 2 a 2 or 

h = <*i_ 

h «2 


or 


L + i 
h 


a, 

«2 


+ 1 


ico = r co' 


or 


- ML 2 (O = - ML' 2 (o' 


or 


co 

CO 


(L_ 

<L' 


1 


(1 + aty 


Now, for a given value of /, (1 + at) 2 is constant, say 

k. 



0)' , 

• 

• • 

— =k 


co 


co' -co 

or 

- = k - 


CO 

or 

co' - co = (k- 


i.e. (co' - co) °c co. Hence the correct choice is (b). 


C 

84. A U=C V AT. Now C p - C v = R or - 1 = 


C 


V 


R_ 

a. 


or 


R C P 

C„ = -, where y= —. Hence 


A U = 


7-1 

RAT 


a 


8.3x8 


(7-1) 0.4-1) 

Hence the correct choice (b). 


= 166 J 


m 


85. PV - — RT. Therefore, the density of the gas is 
M 

_ m PM PmN mP 
P V ~ RT ~ RT ~ kT 


or 


or 


/, + 1 2 a x + a 2 


1 1 «2 


- = --—, which is choice (c). 

/, + 1 2 a { + a 2 


81. Let m kg be the mass of ice melted into water. Heat 
lost by 5 kg of water = 5 kg x 1 kcal/kg/°C x 20°C = 
100 keal. Heat gained = m kg x 80 keal/kg + 2 kg x 
0.5 kcal/kg/°C x 20°C = 80 m kcal + 20 keal. Now, 
heat gained = heat lost. Therefore, 

80 w + 20 = 100 


or in = 1 kg. Therefore, final mass of water = 5 kg + 
1 kg = 6 kg. Hence the correct choice is (b). 

82. Since AB is an isothermal process, the temperature of 
the gas remains constant between AB. Hence the P-T 
diagram must be perpendicular to the T-axis between 
A and B. Hence the correct choice is (a). 

83. At t°C , the length of the rod becomes L' = L (1 + at), 
where a is the coefficient of linear expansion. From 
the law of conservation of angular momentum, we 
have 


Hence the correct choice is (d). 

86 . dQ = dU + dW. In an adiabatic change dO = 0. Hence, 
dU = - dW = - 4.5 J. Thus, the correct choice is (b). 

87. Given k = 420 W/m/K, A = 10 cm 2 = 10 x 10^ nr 
= 10 " 3 m 2 , 9 , = 100°C, t 2 = 0°C, / = 1 minute = 60 s 
and / = 1 m. Using these values in 

kA(0 } -0 2 )t 
^ / 

2520 

we get Q = 2520 J = ^ ^ = 600 cal. Therefore, 

mass of ice melted is 

Q 600 cal „, 

m = — = -= 7.5 g 

L 80 cal/g 

Hence the correct choice is (c). 

88 . Increase in volume of mercury when the temperature 
increases by 100 °C is 

v = y VAT= (18 x 10 " 5 ) x ( 10 - 6 ) x 100 = 18 x 10" 9 m 3 
Now v = Ah 

u v 

or h = — 

A 
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(18 x 10" 9 m 3 ) 


= 0.09 m = 9 cm 


(0.002 x 10 m ) 

Hence the correct choice is (a). 

89. Let L be the length (in cm) of the hollow cylinder 
and r its radius. Since the mass of the gas remains 
unchanged and the pressures of the gas in both sides 
are equal, we have, from Charles' law, 


V\ _ V 2 


(1) 


Given V, = 


--5 
2 


nr 2 , V 2 = ( ^ + 5] Kf 2 , 
j \2 J 

T, = 0°C = 273 K and T 2 = 100°C = 373 K. Using 
these values in ( 1 ), we get 

L L 

--5 —I- 5 

2 _ 2 


273 


373 


which gives L = 64.6 cm. I lencc the correct choice is 

(d). 

90. The moment of inertia of a rod of mass M and length 
L is given by 

l — k ML 2 (1) 

where k = — if the axis of rotation is through the 
12 

centre of rod and k = — if the axis of rotation is 

3 

through the end of the rod. Partially differentiating 
( 1 ), we have 

A/ = 2k ML A L 

Now AL-La At. Therefore, 

A / = 2 kMLxLa At 

= 2(k ML 2 ) a At = 21 a At 
AI 


or 


/ 


= 2 a At, which is choice (d). 


91. Moment of inertia of the sphere I = — Mr 2 . Given 

co = n rotations per second = 2k n rad s _1 . The kinetic 
energy is 

KE = — I of = — x — Mr 2 x (2k n) 2 
2 2 5 


= — Mk 2 r 2 rf 


Since half of KE is converted into heat energy, we 
have 

dQ = — x KE = — Mif r 2 n 2 
2 5 


Now dQ = MSdT which gives 

2 


dr-12,l 


MK~r~n 


2k 1 r 2 n 1 


MS MS 5 S 

Hence the correct choice is (a). 

92. Given T x = 0°C = 273 K, T 2 = 400°C = 673 K 


Work done W = 


nR 


( 7 - 1 ) 


(T 2 -T { ) = 


5 x 8.3 x 400 




J 


= 41500 J = 41.5 kJ 


By convention, the work done on the gas is 
taken to be negative, i.e. W = - 41.5 kJ. From the 
first laws of thermodynamics dQ = dU + dW. For 
an adiabatic process, dQ = 0. Hence dU = -dW = 
-(-41.5) = 41.5 kJ. The positive sign of dU implies 
that the internal energy increases. Hence the correct 
choice is (b). 

(1 - y) 

93. For an adiabatic process TP" = k where n = -, 


C. 


k' 


y— and k is a constant. Hence P= I — 
C„ \T 


\/n 


. Since 


n = constant for a given gas, we have P T 

1 


-1 In 


T\ Hence — =3 
n 


Given P oc 

y 3 

or-= 3 which gives y = — which is choice (d). 

1 - y 2 

94. When the rods are heated by At °C, the increase in 
length of the steel rod and the copper rod are 

A4 = L s a s At 

A L c = L c a c At 

The difference between their lengths will remain 
constant at all temperatures if AL S = AL c , i.e. if 

L s a s At = L c a c At 


or 


L s _ a c 


4 «, 


Hence the correct choice is (d). 

95. The moment of inertia of the disc about the given 


axis of rotation is 


1 


/ = - MR 2 
2 


( 1 ) 


where M is the mass of the disc and R its radius. 

If the disc is heated, it expands. Hence R increases. 
The resulting increase in / is obtained by partially 
differentiating ( 1 ). 
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But 


A/ = — x Mx 2 RAR (v M = constant) 

A / = MRAR 
A R = RaAt. Therefore, 

A/ = MR 2 aAt (2) 


Now, the angular momentum of the disc is given by 
J = 1(0 (3) 

Since no external torque acts, J remains constant. 
Partially differentiating (3), we have 


IAco + coAI = 0 


Aco = - 


coAI 


Using (1) and (2) in (4), we get 
Aco =-2 aco At 

The negative sign indicates that the angular frequency 
decreases due to increase in temperature. Hence the 
correct choice is (d). 

96. If V 0 is the volume of mercury at 0°C and A 0 the 
cross-sectional area of the tube at 0°C, then the 
length of the mercury column at 0 °C is 

l o=t (d 

The cross-sectional area at t°C is given by 
A t = A 0 (\ +fit) 

where [i is the coefficient of area expansion of glass. 
Since /3 = 2a, we have 

A f = A 0 ( 1 +2 at) 

If V t is the volume of mercury at t° C, the length of 
the mercury column at t°C is 


L = Yj_ _ + Y‘) 

1 4 4 / 1 -"X _ - . 


A t /l 0 (l + 2a/) 

Using ( 1 ), we have 

L, = L 0 (\ + 70(1 +2 at)-' 

Since t is not too high (~ 100°C) and y and a are 
of the order of 10 " 5 , yt and at will be very small 
compared to unity. I Icnce we can expand (1 + 2 a/) 1 
binomially and retain terms upto order at. Thus 

(1 +2 at)~ l =(1 -2 a/) 

Z,, = L 0 (l + y/)(l-2a/) 
or L t = L 0 [ 1 + (y-2a) /] 

where we have neglected term of ayt 2 which is 
negligibly small. Thus the correct choice is (d). 


97. Due to rise in temperature, the brass scale expands. It 
will give lower readings because the graduations on 
the scale will be farther apart. If H is the barometric 
height at 0°C, the error in the reading of the scale at 
40°C is 

AH = Ha A/ = 75 x 20 x 10 6 x 40 
= 0.06 cm 

.*. Atmospheric pressure at 27°C = H + AH = 75 + 
0.06 = 75.06 cm of Hg. 

Thus, the correct choice is (c). 

98. Let the initial temperature be T and let M be the mass 
of the cube. Let A 0 , p 0 and d 0 respectively be the base 
area of the cube, the density of the material of the 
cube and the depth up to which it is submerged in the 
liquid, the upthrust = A 0 d 0 p 0 g. From the principle 
of floatation, weight = upthrust, i.e. 

M g = 'VoPoS 

or M = AqcIqPq (1) 

When the temperature is raised to ( T + AT), let A , 
p and d be the base area, density and depth at this 
temperature. Now, the coefficient of superficial 
(area) expansion is [i= 2a. 

Hence 

A =A 0 (\ + (5 AT) 

= A 0 (\ +2 aAT) (2) 

Also d= -^- (3) 

(1 + y AT) 

The upthrust at temperature (T + AT) = Adpg. From 
the principle of floatation we have 
Mg = Adpg 

or M = A dp (4) 

From (1) and (4), we get 

A dp = A 0 d 0 p 0 

or Ap = A 0 p 0 ( v d = d 0 ; given) 

Using (2) and (3), we have 

A 0 (\ +2aAT)x -^- = A 0 p 0 

0 (1 + 7 AT) 0 0 

which gives 2a = y. Thus the correct choice is (b). 


A 0 (1 +2 aAT) x 


4 0 Po 


99. For an isothermal process: PV= constant and for an 
adiabatic process: PV 7 = constant, where y is the 
ratio of the two specific heats (C p /Cv) of the gas. 
When a gas is compressed from a volume V to a 
volume (V- AV), the increase in pressure is 

yA VP 

(AP) adia = — for an adiabatic compression 


foran adiabatic compression 


and (AP) iso = 


A VP 


foran isothermal compression. 
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P 



Hence P 3 will be greater than P,. Therefore, the P-V 
diagrams of isothermal expansion from F,, P, to F 2 , 
P 2 and adiabatic compression for V 2 , P 2 to V h P 3 are 
as shown in Fig. 8.38. Let W x and W 2 be the work 
done in isothermal expansion and adiabatic com¬ 
pression respectively. Therefore, net work done is 

W = W { + (- W 2 ) = w ] - \v 2 


Now, the area under the adiabatic curve is more than 
that under the isothermal curve. Hence W 2 > W v 
Therefore, W < 0. Hence the correct choice is (c). 
100. Heat produced is given by 



V 2 t 

R 


(IQ) 2 x (10x60) 
50 


= 1200 J 


Since the container is rigid, the change in volume 
dV = 0. Hence work done dQ = PdV = 0. From the 
first law of thermodynamics, the change in internal 
energy is dU = dQ - dW = dQ = 1200 J. Hence the 
correct choice is (d). 

101. The two adiabatic paths ad and be for the gas intersect 
the two isothermals ah and cd at temperatures P, and 
T 2 (see Fig. 8.26 on page 8.23). Since points a and d 
lie on the same adiabatic path, we have 


T\ vp- *) =T 2 Vp- l > 


or 


V 


\(y- 0 


a 


\ v d j 




Since points b and c also lie on the same adiabatic 
path, 

T \ ( v b) {y ~ l) = t 2 K (y - l) 


or 


UJ 


(y-D 


Ti 

Tx 



From (1) and (2), we get 


ty \(r- 0 


\ v d j 


f V. 


\(r- 0 


kV c ; 


or 


k _ n 


V 


V. 


Thus the correct choice is (c). 

102. Since the temperature T remains constant along the 
path CA, P will be inversely proportional to V along 
this path. Hence, as P increases, V must decrease in 
a nonlinear fashion. This is represented by the curve 
CA in Fig. 8.39. 



Fig. 8.39 

Along the path PC, the volume V is constant. Hence 
the graph of P against Fis a straight line perpendicular 
to the F-axis. On a P-F diagram, the corresponding 
path is PC as shown in Fig. 8.39. 

For the path AB , F is directly proportional to T 
pressure remaining constant. The corresponding 
path AB is, therefore a straight line parallel to the 
F-axis. Thus the cyclic process on a P-F diagram 
is represented by choice (d). 

103. Work done on the gas is 


AW = PAY = P(V f - Vi) 

= 1 x 10 5 x (25 - 5) x 10' 3 
= 2000 J 

PF 

The internal energy is given by U = -- 

(r-i) 

PV, PV f 

U: = - ~ , Uf = - — . 

(y-1) (y -1) 

Therefore, change in internal energy is 


A U= U f - U t = 



■ 'X'° 5 X(25-5)X I Q-= . 50Q0J 

(1.4-0 

From the first law of thermodynamics, the heat 
energy supplied to the gas is 
A Q = AW V AU = 2000 + 5000 

= 7000 J 

which is choice (d). 
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104. In process AB , the volume V increases linearly 
with temperature T. Hence process AB is isobaric 
(constant pressure). Therefore, work done in this 
process is 

W AB = PAV=nRAT (v PV= nRT) 
= nR(T B -T A ) 

= 3 x 8.3 x (200- 100) = 2490 J 

Process CA is isochoric (constant volume). Hence 
work done in this process W CA = 0. Since the whole 
process ABCA is cyclic, the change in internal 
energy in the complete cycle is zero, i.e. AU = 0. 
Now, from the first law of thermodynamics, (Given 
Q = -2510 J) 

Q = AU + W= AU + W AB + W BC + W CA 
or - 2510 = 0 + 2490 + W BC + 0 


or 


W BC = -2510- 2490 = - 5000 J 


The negative sign shows that the work is done by 
the gas. Thus, the correct choice is (b). 

105. At atmospheric pressure, the boiling point of liquid 
oxygen is greater than 50 K. Therefore, between 50 K 
and 300 K, liquid oxygen undergoes a change of 
state. Hence the correct choice is (c). 

106. The heat energy supplied is 

A Q = I 2 Rt 

= ( 2) 2 x 100 x (10 x60) 

= 240 x 10 3 J = 240 kJ 

Since AV = 0; work done AW = 0. From first law 
of thermodynamics, AU = AO = 240 kJ. Thus, the 
correct choice is (d). 

107. The equation of straight line AB is 

P=mV + c (1) 

where m is the slope and c is the intercept. For points 
A and B , we have 

2 P 0 = m V 0 + c 


and 


P 0 = m (2 V 0 ) + c 


j-f 

These equations give m = -— and c = 3 P 0 . 


Now PV = nRT => P = 
we have 


nRT 

V 


Vn 


. Using this in Eq. (1), 


T= — (mV 2 + cV) 


nR 


( 2 ) 


dT 

T will be maximum if — = 0 and 

dV 


d 2 T 
dV 2 


< 0 . 


Differentiating Eq. (2) with respect to V and putting 
dT „ 

dV * 

2 mV + c =0 

which gives V = — 

2 


T =- 

max 


C 


2m 

1 


, Using this in Eq (2), 


x 


(3 P n Y _ 9P o V 0 


-PJV, 


4/7/? 


4nRm 4nR 

Thus, the correct choice is (a). 

108. Mass of 2 litres of water = 2 kg. Heat energy needed 
to raise the temperature of 2 kg of water from 20 °C 
to 75°C is 

Q = 2 x (4.2 x 10 3 ) x 55 = 4.62 x 10 5 J 

If t is the time taken, heat energy supplied by the 
heater in time t is 

(9, = (power x time) = 1000 / joule 
Heat energy lost in time / is 
Q 2 = 160 / joule 

Heat energy available for heating water is 
Q =(?,-O 2 = 840 / 

Equating O = Q\ we get / - 550 s. Thus, the correct 
choice is (b). 


109. We have 


or 


log, 


or log, 


T\~Tq 
\T 2 -T, 


\ 


75 — 25 ^ 
65-25, 

(5\ 


log ( . 


u 


= Kt 


= Kx 5 or log 


= 5 K 


f 50 \ _ 


= 5 K 


Uo 


(i) 


If the temperature at the end of next 5 minutes is T\ 
we have 


log, 


or log,. 


65 - 25 A 



= 5K 


= 5 K 


(2) 


From Eqs (1) and (2), we get 


log* 


40 


T —25 


= log ( 


/ ^ \ 


V 4/ 


or 


40 


T'-25 


5 

4 


which gives T' = 57°C. 
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110. Given 


log. 


r 80-20 ' 

^50-20, 


= 6K or log ( , (2) = 6K (1) 


If the body takes t minutes to cool from 60°C to 
30°C, then 


log,. 


( 60-20^1 


= IK or log,, (4) = tK 


(2) 


= 2 


V 30-20 ; 

Dividing (2) by (1), we have 

t_ = log f (4) = 21og g (2) 

6 log,, (2) log,, (2) 

or t = 12 minutes. 

Hence the correct choice is (d). 

111. If T 0 is the temperature of the surroundings, then we 
have 


and 


log,, 


log,. 


80-7: 


0 


64 -Tj 


/ 


64-7; 


o 


52 - T 0 


= 5 K 


= 5K 


(1) 


( 2 ) 


Equating Eqs (1) and (2), we get 


80-7; 


o _ 


64 - T ; 


o 


64 -T 0 52- 7-0 

which gives T {) = 16°C, which is choice (b). 
112. If T is the temperature after 15 minutes, then 


or 


log,. 


log,. 


52-7; 


T-T 


= 5K 


0 7 


( 52 -16 A 


= 5K 


(3) 


V T-16J 

From Eqs (1) and (3), we get 


80-16 

64-16 


( 52-16 

r-16 


which gives T — 43°C, which is choice (b). 

113. Since the material is the same, the density is the 
same. Since the mass is the same and density is the 
same, all three have the same volume. For the same 
volume, the surface area of the plate is the largest and 
of the sphere the smallest. The rate of loss of heat by 
radiation is proportional to the surface area. Hence 
the correct choice is (c). 

114. If a steady temperature difference (0, - 0 2 ) is main¬ 
tained between the ends of a conducting rod of length 
L and cross-sectional area A , the rate of flow of heat 
through the rod is given by 


*>*( 01 - 02 ) 

L 


where k is the coefficient of thermal conductivity 
of the material of the rod. In the first experiment, 
the two rods are connected in series. If two rods of 
equal cross-sectional areas and of lengths L x and L 2 
and conductivities k x and k 2 are joined in series, the 
equivalent conductivity k s is given by 


k\ + L > 2 

k s 




For two identical rods, L, = L 2 = L and k { = k 2 = k , in 
which case, Eq. (1) gives k s = k. Further, when two 
identical rods are joined in series, the length of the 
composite rod is (2 L) but its cross-sectional area is 
A , the same as that of each rod. Hence the rate of flow 
of heat in this case is given by 


<7i = 


kA(6 x -0 2 ) 
(2 L) 



In the second case, the two rods are connected in 
parallel. If two rods of equal lengths and equal cross- 
section areas and having conductivities k x and k 2 are 
joined in parallel, the equivalent conductivity of the 
composite rod is given by 

k p =k l + k 2 

For two identical rods, k { = k 2 = k. Hence k p = 
{2k). Furthermore, the cross-sectional area of the 
composite rod is (2/1). Therefore, in the second case, 
the rate of flow of heat is given by 

_ {2k){2A){e,-e 2 ) 

t 2 ; yJ) 


Dividing (2) by (3), we get — = -. Now, the rate 

q 2 8 

of melting of ice is proportional to the rate of flow of 
heat. Hence the correct choice is (d). 

115. According to Stefan’s law, the power radiated by a 
black body at absolute temperature T is given by 

Q = oAT 4 (1) 

where A is the surface area of the body and a is 
Stefan’s constant. According to Wien’s displacement 
law, 

KT = b 

where A #> , is the wavelength corresponding to 
maximum emission of radiation and h is Wien’s 
constant. Thus 

T=^~ ( 2 ) 
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Using (2) in (1), we get 


Q = a A 


ah 4 A 


V /v m J 


m 


For a sphere of radius r, A = Ant 2 . Hence 

ob 4 Anr 2 . r 2 

Q = -77- = *TT 


(3) 


m 


m 


where k = 4 ttctA 4 is a constant. Hence 

2 


and 


Qi =k 


Q 2 =k 


l 


W), 




W): 


£ 

02 


r, 


v '2 




W), 


3 cm 
5 cm 


x 


( 500 


nm 




300 nm 


5^ 
3 


Hence the correct choice is (c). 

116. The correct choice is (d). Heat transfer in boiling 
of water and in land and sea-breezes is primarily 
due to convection. A metal rod placed over a flame 
is heated primarily by conduction. Heat transfer 
by convection and conduction takes place through 
matter (or medium). The electric bulb is evacuated. 
Hence heat transfer in an electric bulb is not due to 
conduction or convection. 

117. When the temperature of the air is less than 0°C, 
the cold air near the surface of the pond takes heat 
(latent) from the water which freezes in the form of 
layers. Consequently, the thickness of the ice layer 
keeps increasing with time. Let x be the thickness 
of the ice layer at a certain time. If the thickness 
increases by dx in time dt , then the amount of heat 
flowing through the slab in time dt is given by (see 
Fig 8.40) 

-T° C 

___/_ _ 



dx 

f 

x 

_L 


Fig. 8.40 


Q = 


kA[ 0 - (- T)]dt kA Tdt 


(1) 


.V JC 

where A is the area of the layer of ice and - T °C is 
the temperature of the surrounding air. If dm is the 
mass of water frozen into ice, then Q = dm x L. But 
dm = Apdx, where p is the density of ice. Hence 

Q = ApLdx (2) 

Equating (1) and (2), we have 

kA Tdt A pL 

- = ApLdx or dt = — • xdx 

x H kT 

Integrating, we have 


or 


t = 


pL 

C 2 

r* 

kT 

J 

pL 

x 2 

kT 

2 


_ pL 


2 kT 


(*2“* 2 l)> 


which is choice (c). 

118. Let T b be the temperature at B. The rate of flow of 
heat from C towards B is 

Qi = k A (T 2 —T b ) 

1 LI 2 

The rate of flow of heat from D towards B is 

Q 2 = k A (T 3 - T b ) 
t LI 2 

The rate of flow of heat from B towards A is 

ft = kA(T B -T x ) 
t L 

In the steady state, the rate at which heat enters B = 
rate at which heat leaves B , i.c. 

Q l + Q 1 = Qi 

t t i 

or 2kA(T 2 -T B ) | 2kA(T,-T B ) _ k A (T B - 7j) 
r L L L 

or 2(T 2 - T B ) + 2(T 3 - T b ) = - f, 


... . T 'I]+ 2 T*> + 2 

which gives T B = — ---- 


20 + 2x30 + 2x40 


= 32 °C, which is choice (a). 
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2 

SECTION 


Multiple Choice Questions Based on Passage 


Questions 1 to 3 are based on the following passage. 

Passage I 

20,000 J of heat energy is supplied to a metal block of mass 
500 g at atmospheric pressure. The initial temperature of 
the block is 30°C. Given specific heat of metal = 400 J 
kg -1 °C _1 , relative density of metal = 8.0, coefficient of 
volume expansion of metal = 8x10 5 °C 1 and atmospheric 
pressure = 10 5 Pa. 

1. The final temperature of the block is 

(a) 120°C (b) 130°C 

(c) 140°C (d) 150°C 

2. Work done by the block on the surroundings is 

(a) 0.05 J (b) 0.1 J 

(c) 1.0 J (d) 10J 

3. The change in internal energy is 

(a) zero 

(b) equal to 20,000 J 

(c) slightly greater than zero 

(d) slightly less than 20,000 J. 


* is 

•j. J - 


{Solutions 

o'' 

1. A Q = ms AT. Therefore, 

A Q 20,000 J 


AT = 


= 100°C 


ms (0.5kg)x (400Jkg _,o C _l ) 

Final temperature = 100 + 30 = 130°C, which is 
choice (b). 

2. Density of metal (p) = 8000 kg m -3 . Volume of the 
block is 

m 0.5 kg 1 

“ 16 


V = 


IT = — x 10 3 m 3 


p 8000 kg nr 3 
/.Increase in volume = AV = yVAT 

= (8x 10 “ 5 )x 


' 1 


— xlO -3 x 100 = — x 10 -6 m 


= 0.05 J, 


1 

16 ) 2 
Work done A W = PA V = (10 5 ) x 

J 

which is choice (a). 

3. Change in internal energy A U = AQ - AW = 20,000 
-0.05 = 19999.95 J 
Thus the correct choice is (d). 


Questions 4 to 6 are based on the following passage. 

Passage II 

A rod of metal X of length 50.0 cm elongates by 0.10 
cm when it is heated from 0°C to 100°C. Another rod of 
metal Y of length 80.0 cm elongates by 0.08 cm for the 
same rise in temperature. A third rod of length 50 cm, 
made by welding pieces of rods X and Y placed end to end, 
elongates by 0.03 cm when its temperature is raised from 
0°C to 50°C. 

4. The coefficients of linear expansion of metal X and 
of metal Y are in the ratio of 

(a) 2:1 (b) 3 : 2 

(c) 3 : 1 (d) 4 : 3 

5. The length of the rod of metal X in the composite 
piece is 

(a) 10 cm (b) 20 cm 

(c) 30 cm (d) 40 cm 

6 . The length of the rod of metal Y in the composite 
piece is 

(a) 10 cm (b) 20 cm 

(c) 30 cm (d) 40 cm 

?'s$k Solutions 

'V'' 

A L 0.10 

4. For rod X, «,= — = 50 0xl00 = 2.0 xlO" per 

For rod T, we get a y = 1.0 x 10 6 per °C. So the 
correct choice is (a). 

5. In the composite rod, L x + L v = 50.0 cm. When this 
rod is heated by 50°C, let the new lengths be L\ and 
V r Given L x + V y = 50.0 + 0.03 = 50.03 cm. Here 
L\ = L x (1 + a x x 50) and L\ = L y ( 1 + a y x 50). 
Therefore, 

50.03 = L x + L v + (L x a x + L y a } ) 50 
= 50 + (L x a x + L y a y ) 50 

Substituting the values of a x and a y and noting that 
L x + L v = 50 cm, we get L x = 10 cm, which is choice 

(a)- 

6 . L y = 50 - L x = 50 - 10 = 40 cm, which is choice (d). 
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Questions 7 to 10 are based on the following passage 

Passage III 

Three moles of an ideal gas at pressure P A and temperature 
T a are isothermallv expanded to twice the original volume. 
The gas is then compressed at constant pressure to its 
original volume. Finally the gas is heated at constant 
volume to its original pressure P A . 

7. Which of the graphs shown in Fig. 8.41 represents 
the P-V diagram for the complete process? 



Fig. 8.41 

8. Which of the graphs shown in Fig. 8.42 represents 
the P-T diagram for the complete process? 



Fig. 8.42 

9. The net work done A JF by the gas during the complete 
process is (R is the gas constant). 

(a) 0.5 RT a (b) 0.58 RT A 

(c) 0.64 RT a (d )RT a 

10. The net heat energy supplied to the gas in the 
complete process is 

(a) zero (b) equal to A W 

(c) less than AW (d) greater than A W 
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I'/'X Solutions 


7. During isothermal process A —» B, P oc — . During 

isobaric process (B —> C), P = constant and during 
isochoric process (C —> A), V= constant. Hence the 
correct P-V diagram of the complete process is (c). 

8. During isothermal process (A -» B), T = constant. 
During isobaric process (B —> C), P = constant and 
during isochoric process (C -» A), P °c T. Hence, the 
correct P-T diagram for the complete process is (a). 

9. For process A -» B, P A V A = P B V B which gives P B = 


-A- because V B = 2V A (given). 

2 v c 


and 


For process B —» C, -7- = ~zr . Since V B = 2 V A i 

Tr, 1 S' 


Vc = v a and t b = t a> we get T c = —. Also P c = P B 

_ ?A 


c LA 


For process C —> A, — = ~ . Since P c = P { \ T 4 
T c T c l A 

Work done is isothermal process A —> B is 


W AB = nRT log c 


B _ 


= 3 RT a log, (2) 


Work done in isobaric process B —> C is 

W bc =Pb(V c -V b ) = ~~ (V A - 2 V A ) = - = 

3 

- - RT a . 

2 A 

Work done is isochoric process C —> A is W CA = 0 
.*. Total work done 

AW= 3 RT a log,, (2) - - RT a - 3 RT a { 0.693 - 0.5) 
= 0.58 RT a 2 

Thus, the correct choice is (b). 

10. Since the process is cyclic, A U = 0. From A Q = A U + 
AW, we get A Q = AW. So, the correct choice is (b). 

Questions 11 to 15 are based on the following passage. 

Passage IV 

Two moles of an ideal gas at volume V, pressure 2 P and 
temperature T undergo a cyclic process ABC DA as shown 
in Fig. 8.43. 

A 

* I ZjL n 



-*■- 

1 

D 



Temperature - 

Fig. 8.43 


4773 


Copyrighted material 








8.44 Complete Physics—JEE Main 


11. The volume (V B ) of the gas in state B is 


(a) - 
3 

(c) V 


(b) 

(d) 


2F 

T 

4F 


12. The volume (F c ) of the gas in state C is 
8 F 


(a) 


(c) 


3 

4V 


(b) 2 F 

2V 
(d) 


3 3 

13. The volume ( V D ) of the gas in state D is 

(a) V (b) 2 V 

(c) 3 V (d) 4 V 

14. The net work done (AW) in the complete cycle is 

(a) 2RT (b) 2 7?nog e (2) 

(c) 1 RT (d) | RT log e (2) 

15. The net change (AO) in the heat energy in the 
complete process is 


(a) zero 

(c) less than AW 


% Solutions 

V 


(b) greater than AW 
(d) equal to AW. 


11. For isobaric process A —> B, 


A 


V B v V.Jb 

= 7 - => V B = 

1 B ‘A 


Vx4TI3 4V 


So, the correct choice is (d). 

12. For isothennal process B —» C, 


Pb Vb Pc Vc 


V c ~ 


PbV b 


c 


2PX4V/3 8 F 


which is choice (a). 

13. For isobaric process C —> D, 


c 


'd v V d T d 


8V/3xT 


T c T D u T c 4T/3 
Hence, the correct choice is (b). 


= 2V 


14. W AB = P A (V B - V A ) = 2 Px 

W BC = nRT B *°g e 

4 T 


yV B ; 


(4V_ v ] = 2 PV 
V 3 


= 2 xRx 


log, 


8K/3 

4F/3 


= l /?riog e ( 2 ) 


8 F2 PV 

W cd =P c (V d -V c ) = Px\2V-—\ =- — 


W DA = >iRT d log c 


F 




A 




= 2 x R x T log 


1 


2V 


= 2RT\og e - =-2/?nog e (2) 

Total work done is 

A fV = W AB +W BC +W CD +W DA 

2PV 8 2 PV 

= — + 3 RT log c (2)- — -2RT\og c (2) 

2 

= — RT log e (2), which is choice (d). 

15. For a cyclic process, A U = 0. Hence AQ = AW. So 
the correct choice is (d). 

Questions 16 to 18 are based on the following passage. 

Passage V 

Two moles of a monoatomic ideal gas occupy a volume 
V at 27°C. The gas is expanded adiabatically to volume 
2 V 2 V. Gas constant R = 8.3 JK 1 mol -1 . 

16. The final temperature of the gas is 


(a) K 
V2 


(b) 150 K 


(c) 150°C (d) 13.6°C 

17. The change in the internal energy of the gas in this 
process is 

(a)-3735 J (b) 1245 J 

(c) - 2490 J (d) + 3735 J 

18. The work done by the gas during the process is 

(a) 1245 J (b) 1660 J 

(c) 2490 J (d) 3735 J 

I'/'X Solutions 

16. T x = 300 K, F, = F, F 2 = 2 yfo V. 

Let T 2 be the final temperature of the gas. 7\ is 
obtained from the adiabatic relation 

=T2 y 2 (y-\) 


or 


T 2 T\ x 


V \ V r_I) 

Jij 


For a monoatomic gas y= —. Therefore, 


7\=300x 


1 


2V2 


2/3 


= 150 K 


So, the correct choice is (b). 
17. AU=nC v (T 2 -T l ) 


3 R 


For a monoatomic gas C v = —. Therefore, 

AU = 2 x - x 8.3 x (150-300) = -3735 J 
2 
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The negative sign implies that the internal energy 
decreases in this process. So the correct choice is (a). 

18. For a adiabatic process, A Q = 0. Hence AW = - AU 
= 3735 J, which is choice (d). 


Questions 19 to 22 are based on the following passage. 

Passage VI 

A sample of 2 kg of monoatomic helium (assumed ideal) 
is taken through the process ABC and another sample of 
2 kg of the same gas is taken through the process ADC as 
shown in Fig. 8.44. The molecular mass = 4 and R = 8.3 
J K- 1 mol" 1 . 


i 

C 


rt 

O 


8.30 


4.15 


B 

C 

i 

-^- 

\ i 

\ 



D 

A 



10 

T(m 3 ) - 


20 


Fig. 8.44 

19. The temperature of state A is 


(b) 200 K 
(d) 415 K 


(b) 200 K 
(d) 830 K 


(a) 100 K 

(c) 300 K 

20. The temperature state B is 

(a) 150 K 

(c) 415 K 

21. The temperature of state C is 

(a) 150 K (b) 300 K 

(c) 400 K. (d) 415 K 

22. The temperature of state D is 

(a) 830 K (b) 415 K 

(c) 300 K (d) 200 K 




Solutions 


V 

'o' 


19. Number of moles of helium is 

mass in gram 2000 

n = -= - 

molecular mass 4 

From equation state at A, 


= 500 


P A V A = n R T a ^T a = 


nR 


4.15 x 10 x 10 
500x8.3 
= 100 K 


So, the correct choice is (a) 
20. For isochoric process A ~^>B, 


B 


B 


8.3 x nr 


a r A 4.15x10’ 


= 2 . 


T, P A 

Thus 7^ = 2 T A = 200 K, which is choice (b). 


21. For isobaric process B —> C, 

Tc_ _ Vc _ 20 _ 

T B ~ V B ~ 10 “ 2 

Thus T c = 2 T b = 400 K, which is choice (c). 

22. For isobaric process A —> D, 

jy = v JL = 2o = 

T a Va 10 

which gives T D = 2T A = 200 K. So, the correct choice 
is (d). 


Questions 23 to 26 are based on the following passage. 

Passage VII 

One mole of an ideal monoatomic gas is taken round the 
cyclic process ABCA as shown in Fig. 8.45. 



Fig. 8.45 

23. The work done by the gas is 

(a) P 0 V 0 (b) 2 P 0 V Q 

(c) 3 P 0 V 0 (d) 4 P 0 V 0 

24. The heat energy rejected by the gas in the process 


C A is 


(a) - W 

2 

(b)- 3P ° F ° 

2 

(e) - 

? 

(d)-3 P 0 V 0 

The heat energy absorbed by the gas in the process 

A —> B is 


(a) P 0 Vo 

(b) ° 0 

(e) 

(d) 3 P 0 V 0 

The net heat energy rejected 
in the process B —» C is 

or absorbed by the gas 

(a) 

2 

(b) -2 P 0 V 0 

(e) _ 5/> o^o 

2 

(d) 3 P 0 V 0 
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T'/>S. Solutions 




23. Work done by the gas in the cyclic process ABC A is 

W = area enclosed in the P-V diagram 

1 

= area of triangle ABC = — xABxAC 

= ~ (3P 0 -P 0 )x(2F 0 -F n ) = P 0 F 0 

which is choice (a). 

24. In the isobaric process C/I, the heat energy rejected 
by the gas is given by 

Qca ~ n C p AT= nC p (T a - T c ) (1) 

Using ideal gas equation PV = nRT for points A and 
C, we have 

P A V A = nRT A or P 0 V 0 = tiRT A (2) 

and P c V c = nRT c or P 0 (2 V 0 ) = nRT c (3) 

Subtracting (2) from (3), we have 
P 0 V 0 = nR {T c - T a ) 


or T a -T c = - 




nR 

Using (4) in (1), we get 


(4) 


Qca 


C p Pq Vo 

R 


5 R 


Now, for a monoatomic gas, C n = —. Hence 

y 2 

Qca = ~ , which is choice (c). (5) 

25. The heat energy absorbed in the isochoric process AB 
is given by 

Qab = nC v AT= nC v ( t b ~ t a) ( 6 ) 

Using the ideal gas equation for points A and we 
have 

P A V A = nRT A or P 0 V 0 = nRT A 
and P B V B = nRT B or (3 P 0 )V 0 = nRT B 


which give T B - T A = 
Using (7) in ( 6 ), we get 


2P 0 y<o 


nR 


(7) 


Qab ~ 


2C p P 0 V 0 

R 


3 R 


Now, for a monoatomic gas, C v = . Therefore 

Q ab =3 P 0 V 0 , which is choice (d). ( 8 ) 

26. From the first law of thermodynamics, the heat 
energy absorbed by the gas is given by 
AQ = AU + AJV 

where AW = W = work done by the gas = P 0 V t0 . 
Since the process is cyclic, there is no change in the 
internal energy of the gas, i.e. A U = 0. Hence 


AQ = AW = P 0 V 0 (9) 

If Q bc is the heat absorbed in the process BC\ then 

A Q = Qab + Qbc + Qca (10) 

Using (5), ( 8 ) and (9) in (10), we have 


or 


^ 0^0 = 3 P 0 V q + Q bc 
Qbc = 


Wo 




Questions 27 to 32 are based on the following passage. 

Passage VIII 


Thermal Radiations 

All bodies emit heat energy from their surfaces by virtue of 
their temperature. This heat energy is called radiant energy 
or thermal radiation. The heat that we receive from the sun 
is transferred to us by a process which, unlike conduction 
or convection, does not require the help of a medium in the 
intervening space which is almost free of particles. Radiant 
energy travels in space as electromagnetic waves in the 
infra-red region of the electromagnetic spectrum. Thermal 
radiations travel through vacuum with the speed of light. 
Thermal radiations obey the same laws of reflection and 
refraction as light does. They exhibit the phenomena of 
interference, diffraction and polarisation as light does. 

The emission of radiation from a hot body is expressed 
in terms of that emitted from a reference body (called the 
black body) at the same temperature. A black body absorbs 
and hence emits radiations of all wavelengths. The total 
energy E emitted by a unit area of a black body per second 
is given by 

E = cjT 4 

where 7 is the absolute temperature of the body and a is 
a constant known as Stefan’s constant. If the body is not a 
perfect black body, then 

E=egT 4 

where £ is the emissivity of the body. 

27. From Stefan-Boltzman law, the dimensions of 
Stefan’s constant a are 

(a) ML- 2 T" 2 K^ (b) ML“ 1 T“ 2 K “ 4 

(c) MLT^K - 4 (d) ML^K " 4 

28. What is the SI unit of Stefan’s constant? 

(a) Js^Kr 4 (b) Wm-'K " 4 

(c) W m " 2 K 4 (d) J m 2 K 4 

29. In which region of the electromagnetic spectrum do 
thermal radiations lie? 

(a) Visible region (b) Infrared region 

(c) Ultraviolet region (d) Microwave region 

30. Which of the following devices is used to detect 
thermal radiations? 
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(a) Constant volume air thermometer 

(b) Platinum resistance thermometer 

(c) Thermostat 

(d) Thermopile 

31. When a body A at a higher temperature 7j is 
surrounded by another body B at a lower temperature 
r 2 , then the rate of loss of heat from body A will be 
proportional to 

(a) T\ (b) ( T x - r 2 ) 4 

(c) (7, - T 2 ) (d) (T\ - T\) 

32. The rate at which energy is radiated by a body 
depends upon 

(a) the surface area of the body 

(b) the temperature of the body 

(c) the nature of the surface of the body 

(d) the emissivity of the surface of the body 



Solutions 


27. Stefan-Boltzmann law states that E = o 7 4 where E 
stands for the total energy emitted per unit area per 
second. Thus, the dimensions of E = dimensions of 


energy 

V area x time J 


) ml 2 t~ 2 


= MT \ Therefore, 


L 2 T 


Dimensions of a = 


ML 


-3 


K 


= MT 3 K 4 , which is 


choice (d). 

28. The correct choice is (c). 

29. The correct choice is (b). 

30. The correct choice is (d). 

31. The correct choice is (d). 

32. All the four choices are correct. 


Questions 33 to 35 are based on the following passage. 

Passage IX 

Three cylindrical rods A , B and C of equal lengths and 
equal diameters are joined in series as shown in the 
following figure. Their thermal conductivities are 2 k, k 
and 0.5 A, respectively (Fig. 8.46) 


100°C 








A ::::::::: 

::::::::: B ::::::::: 

::::::::: c ::::::::: 





Fig. 8.46 


0°C 


In the steady state, the free ends of rods A and C are at 
100°C and 0°C, respectively. Neglect loss of heat from the 
curved surfaces of rods. 

33. The temperature of the junction between rods A and 
B is 


(a) 55.7°C (b) 65.7°C 

(c) 75.7°C (d) 85.7°C 

34. The temperature of the junction between rods B and 
Cis 


(a) 57.1°C (b) 47.1 °C 

(c) 37.1°C (d) 27.1°C 

35. The equivalent thermal conductivity of the 
combination is 




(b) 

(d) 


2k 

1 

3k 

5 


Solutions 

33. In the steady state, the rate of flow of heat is the same 
for all rods. If T ] and T 2 are the temperatures at the 
junction points between A and B and between B and 
C respectively, then 

Q = mooo-t;) = M(7j-r 2 ) = k c A(T 2 - o> 
t d d d 



Given k A = 2k, k B = k and k c = 0.5A. Hence 

2(100 - T x ) = (T, - T 2 ) = 0.5 (T 2 - 0) 
which give 200-2 T X = T ] -T 2 (1) 

and T, - 7\ = 0.5 T 2 (2) 

Equations (1) and (2) give T { =85.7°C. So, the correct 
choice is (d). 

34. Putting 7j = 85.7°C in Eq. (1) or (2), we get T 2 = 
57.1°C, which is choice (a). 

35. Since the rods have the same lengths and the same 
diameters, the equivalent thermal conductivity of the 
series combination is given by 

j___L _L _l__l i _±_ 

k e ~ k A + k B + k c ~ 2k k + 0.5A 


which gives k c = 


2k 

—. So, the correct choice is (b). 
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13 1 

SECTION 


Assertion-Reason Type Questions 


In the following questions, Statement-1 (Assertion) is 
followed by Statement-2 (Reason). Each question has the 
following four choices out of which only one choice is 
correct. 

(a) Statement-1 is true, Statement-2 is true and 
Statement-2 is the correct explanation for 
Statement-1. 

(b) Statement-1 is true, Statement-2 is true but 
Statement-2 is not the correct explanation for 
Statement-1. 

(c) Statement-1 is true, Statement-2 is false. 

(d) Statement-1 is false, Statement-1 is true. 

1. Statement-1 

PV 

Figure 8.47 shows - versus P graph lor a certain 

mass of oxygen gas at two temperatures T x and T 2 . It 
follows from the graph that T { > T 2 . 



Statement-2 

At higher temperatures, real gas behaves more like 
an ideal gas. 

2. Statement-1 

If two bodies of equal mass and made of the same 
material at different temperature T, and T 2 are 
brought in thermal contact, the temperature of each 
body will be (7’, + 7%)/2 when thermal equilibrium is 
attained. 

Statement-2 

They have the same thermal capacity. 

3. Statement-1 

The coolant used in a car or a nuclear plant has a high 
specific heat. 


Statement-2 

The heat energy absorbed by a substance is 
proportional to its specific heat. 

4. Statement-1 

The air pressure in a car tyre increases during driving. 

Statement-2 

The pressure of a given mass of a gas is inversely 
proportional to its volume. 

5. Statement-1 

A cylinder fitted with a movable piston contains 
a certain amount of a liquid in equilibrium with 
its vapour. The temperature of the system is kept 
constant. If the volume of the vapour is decreased by 
moving the piston inwards, the vapour pressure will 
remain unchanged. 

Statement-2 

Vapour, in equilibrium with its liquid, at a constant 
temperature does not obey Boyle’s law. 

6 . Statement-1 

Two vessels A and B of equal capacity are connected 
to each other by a stopcock. Vessel A contains a gas 
at 0°C and 1 atmosphere pressure and vessel B is 
evacuated. If the stopcock is suddenly opened, the 
final pressure in A and B will be 0.5 atmosphere. 
Statement-2 

If the temperature is kept constant, the pressure of a 
gas is inversely proportional to its volume. 

7. Statement-1 

Two vessels A and B are connected to each other 
by a stopcock. Vessel A contains a gas at 0°C and 
1 atmosphere pressure and vessel B is evaluated. 
The two vessels are thermally insulated from the 
surroundings. If the stopcock is suddenly opened, 
there will be no change in the internal energy of the 
gas. 

Statement-2 

No transfer of heat energy takes place between the 
system and the surroundings. 

8 . Statement-1 

Two vessels A and B are connected to each other by 
a stopcock. Vessel A contains a gas at 300 K and 
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1 atmosphere pressure and vessel B is evacuated. 
The two vessels are thermally insulated from the 
surroundings. If the stopcock is suddenly opened, 
the expanding gas does no work. 

Statement-2 

Since A Q = 0 and A U = 0, it follows from the first 
law of thermodynamics that A W = 0. 

9. Statement-1 

Burns caused by steam at 100°C are move severe 
then those caused by water at 100°C. 

Statement-2 

Steam has a higher specific heat capacity than water. 

10. Statement-1 

Heating system based on circulation of steam are 
more efficient in warming a house than those based 
on circulation of hot water. 

Statement-2 

The latent heat of steam is high. 

11. Statement 1 

On a chilly day, the metallic cap of a pen feels much 
colder than the plastic body although both are at the 
same (room) temperature. 

Statement 2 

Metal has a higher coefficient of thermal conductivity 
than plastic. 

12. Statement 1 

If the earth did not have an atmosphere, it would 
become extremely cold. 

Statement 2 

Heat energy is transferred through air mainly by 
convection. 

13. Statement 1 

Evaporation takes place from the surface of a liquid. 

Statement 2 

The molecules at the surface have less attractive 
energy than those inside the liquid. 

14. Statement 1 

Radiation involves transfer of heat by electromagnetic 
waves. 

Statement 2 

Electromagnetic waves do not require any material 
medium for propagation. 

Solutions 

1. The correct choice is (a). The line AB is parallel 
to the P-axis. This means that PViT is a constant. 


Heat and Thermodynamics 8.49 

independent of pressure. Hence line AB corresponds 
to an ideal gas for which PVIT = constant. At higher 
temperatures, a real gas behave more like an ideal 
gas. Hence T { is greater than T 2 . 

2. The correct choice is (a). Statement-1 is true only 
if the two bodies have the same thermal capacity 
which is equal to mass of the body x its specific heat 
capacity. Since the two bodies have the same mass 
and are made of the same material, they have the 
same thermal capacity. 

3. The correct choice is (a). If the coolant has a high 
specific heat, it will remove a large amount of heat 
from the plant and will prevent it from becoming 
excessively hot. 

4. The correct choice is (c). During driving, the 
temperature of the tyre and hence of the air in it 
increases due to friction with the road. Since the 
volume of the enclosed air is almost constant, an 
increase in temperature results in increase in pressure 
(P oc T). 

5. The correct choice is (a). If the volume of the vapour 
is decreased at a constant temperature, a part of the 
vapour will condense into liquid such that the vapour 
pressure remains unchanged. 

6 . The correct choice is (a). Since the two vessels are 
of equal capacity, the volume occupied by the gas 
is doubled when the stopclock is opened. Hence, 
pressure becomes half. 

7. The correct choice is (a) 

8 . The correct choice is (a). Since the system is 
thermally insulated from the surroundings, no heat 
flows into the system or out of it, i.e. AO = 0. Since 
AU = 0; AW = 0. 

9. The correct choice is (c). The latent heat of steam 
is very high = 2.25 x 10 6 Jkg -1 . This means that 
1 kg of steam at 100°C gives out 2.25 xlO 6 J of heat 
energy to convert into 1 kg of water at 100°C. 

10. The correct choice is (a). 

11. The correct choice is (a). On a chilly day, the room 
temperature is lower than our body temperature. 
Since metal is a better conductor of heat than plastic, 
when we touch the metal cap and the plastic body of 
a pen, heat from our fingers will flow to the metal 
cap much more quickly than to the plastic body. 

12. The correct choice is (c). Thermel radiation from 
the sun warms the earth during the day. Since air is 
a poor conductor of heat, the atmosphere acts as a 
blanket for the earth and keeps the earth warn during 
the night. 

13. The correct choice is (a). 

14. The correct choice is (b). 



Copyrighted material 




8.50 Complete Physics—JEE Main 


4 Previous Years' Questions from AIEEE, IIT-JEE, 
JEE (Main) and JEE (Advanced) 

SECTION (with Complete Solutions) 


1. Which statement is incorrect? 

(a) All reversible cycles have the same efficiency 

(b) Reversible cycle has a higher efficiency than an 
irreversible cycle 

(c) Carnot cycle is a reversible cycle 

(d) Carnot cycle has the maximum efficiency of all 

cycles [2002] 

2. Even Carnot engine does not have 100% efficiency 
because we cannot 

(a) Prevent heat loss due to radiation 
( b) find an ideal source of heat 

(c) attain absolute zero temperature 

(d) eliminate friction [2002] 

3. If 1 mole of gas of y= 7/5 is mixed with I mole of a 
gas of y= 5/3, the value of y the mixture is 


(a) j (b) 

(c) - (d) 

2 

4. An ideal gas is taken through the cycle A —> B —> C 
—> A, as shown in the figure. If the net heat supplied 
to the gas in the cycle is 5J, the work done by the gas 
in the process C —> A is 

(a) -5 J (b) -10 J 

(c) -15 J (d) -20 J 


5 

2 

12 

- [ 2002 ] 



P(N/m 2 ) 10 


► 


[ 2002 ] 

5. Which of the graphs shown in the figure correctly 
represents the variation of /J = -(dE/d p)/V with p for 
an ideal gas at constant temperature? 



[ 2002 ] 

6 . An ideal black-body at room temperature is thrown 
into a furnace. It is observed that 


(a) initially it is the darkest body and at later times 
the brightest 

(b) it is the darkest body at all times 


(c) it cannot be distinguished at all times 

(d) initially it is the darkest body and at later times it 

cannot be distinguished. [2002] 

7. Two rods, one made of aluminium and the other made 
of steel, having initial lengths /, and l 2 respectively 
are connected together to form a single rod of length 
(/, + i 2 y The coefficients of linear expansion for 
aluminium and steel are a, and cc 2 respectively. If 
the length of each rod increases by the same amount 
when their temperature is raised by t°C , then the ratio 

l \ 0\ + l 2) 


(a) aJa 2 


(b) a 2 /a i 


(c) 


a 


(d) 


a. 


[2003] 


a,+tt 2 a x +a 2 

8 . The figure given below shows the P-V diagram for a 
fixed mass of an ideal gas undergoing cyclic process. 
AB represents isothermal process and CA represents 
adiabatic process. Which of the graphs shown in the 
following figure represents the P-T diagram of the 
cyclic process? 
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|2003] 

9. An insulated box containing a diatomic gas of 


molar mass M is moving with a velocity v. The 
box is suddenly stopped. The resulting change in 
temperature is (R is the gast constant) 


(a) Mvl 

<b> z 


2 R 

3 R 


Mv 2 

, 2Mv 2 


(c) 

(d) 

[2003] 

5 R 

5 R 



10. The graph, shown in the following figure, shows the 
fall of temperature (7) of two bodies x and y, having 
the same surface area, with time (t) due to emission 
of radiation. Find the correct relation between 
emissive power (E) and absorptive power (a) of the 
two bodies. 

(a) E x > E y \ a<a y (b) E x < E y \ a>a y 

(a) E x > E y ; a>a y (a) E x < E y ; a<a y 



t 


1 20031 

11. “Heat cannot by itself flow from a body at a lower 
temperature to a body at a higher temperature" is a 
statement or consequence of 

(a) second law of thermodynamics 

(b) conservation of momentum 

(c) conservation of mass 

(d) first law of thermodynamics |2003| 
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12. During an adiabatic process, the pressure of gas is 
found to be proportional to the cube of its absolute 
temperature. The ratio C p /C v of the gas is 

(a) t (b) 2 


5 

(c) - 
3 


< d » i 


|2003| 


13. Which of the following parameters does not 
characterise the thermodynamic state of matter? 

(a) Temperature (b) Pressure 

(c) Work (d) Volume [2003] 

14. A Carnot engine takes 3x10 6 cal of heat from a 
reservoir at 627 °C and rejects a part of it to a sink at 
27 °C. The work done by the engine is 

(a) 4.2x10 6 J (b) 8.4 xio 6 J 

(c) 16.8 x 10 6 J (d) zero [2003] 

15. According to Newton’s law of cooling, the rate of 
cooling of a body is proportional to (A6) n where AO 
is the difference of the temperature of the body and 
the surroundings and n is equal 

(a) 2 (b) 3 

(c) 4 (d) 1 [2003] 

16. Which of the following statements is correct for any 
thermodynamic system? 

(a) The internal energy changes in all processes. 

(b) Internal energy and entropy arc state functions. 

(c) The change in entropy can never be zero. 

(d) The work done in an adiabatic process is 

always zero. |2004| 

17. Two thermally insulated vessels 1 and 2 are filled 
with air at temperature (7/ 7\), volumes (Fj, V 2 ) and 
pressures (P { ,P 2 ), respectively. If the valve joining 

the two vessels is opened, the temperature inside the 
vessel at equilibrium will be 

(a) 7j + T 2 (b) X -(T,+T 2 ) 


, TJ 2 W\+Wi) 7 ]T 2 (P\V\ + P.V,) 

(Wi+Wi) (Wi+Wa) 

[2004| 

18. The temperature of the two outer surfaces of a 
composite slab, consisting of two materials having 
coefficients of thermal conductivity K and 2 K and 
thickness x and 4.v, respectively, are T 2 and T x (T 2 > 
T,). The rate of heat transfer through the slab, in a 

steady state is ^ ^ f with/equal to (see 

\ x ) 
the figure below) 


(a) 1 
(c) 2/3 


(b) 1/2 
(d) 1/3 
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19. A metal cube of coefficient of linear expansion a is 
floating in a beaker containing a liquid of coefficient 
of volume expansion y When the temperature is 
raised by AT , the depth up to which the cube is 
submerged in the liquid remains unchanged. If the 
expansion of the beaker is ignored, the relation 
between a and yis 

y y 

(a) a= - (b ) cc= - 

(c) a = 3y (d) a=2 y [2004] 

20. An ideal gas is expanded isothermally from a volume 
Fj to volume V 2 and then compressed adiabatically 
to original volume F,. The initial pressure is P, and 
the final pressure is P 3 . If the net work done is W, 
then 

(a) P 3 >P,, W> 0 (b) P 3 <P„ \V< 0 

(c) P 3 > P,, W < 0 (d) P 3 = P x , W = 0 

[2004] 

21. In the first experiment, two identical conducting rods 
are joined one after the other and this combination 
is connected to two vessels, one containing water 
at 100°C and the other containing ice at 0°C. In the 
second experiment, the two rods are placed one on 
top of the other and connected to the same vessels. 
If q x and cj 2 (in gram per second) are the respective 
rates of melting of ice in the two cases, then the ratio 


01 . 

- is 




1 

(a) i 

(b) 

<c) - 

(d) 


120041 


22. Tw r o spheres A and B having radii 3 cm and 5 
cm, respectively are coated with carbon black on 
their outer surfaces. The wavelength of maximum 
in tensity of emission of radiation are 300 nm and 
500 nm respectively. The respective powers radiated 
by them are in the ratio of 



5 

(b) 3 


(c) It 


(d) 


f 5 
,3 


[2004| 


23. Which of the following is incorrect regarding the 
first law of thermodynamics? 

(a) It is not applicable to any cyclic process. 

(b) It is a restatement of the principle of conservation 
of energy. 

(c) It introduces the concept of internal energy. 

(d) It introduces the concept of entropy. [2005] 


24. A gaseous mixture consists of 16 g of helium and 16g 

C p 

of oxygen. The ratio of the mixture is 

(a) 1.59 ' (b) 1.62 

(c) 1.4 (d) 1.54 [2005] 

25. The following figure shows a system of two 
concentric spheres of radii r, and r 2 and kept at 
temperature T x and T 2 . The radial rate of flow 
of heat in the material between the spheres is 


proportional to 




(a) 

(r 2 ~ >\) 

(b) 

In 

( r \ 
[2_ 


r \ r 2 



y r \ ) 

(c) 

( Vi ) 

(d) 

( r 2 

~r { ) 
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[2005] 


26. A gas is taken from state A to state B via two processes 

I and II as shown in the figure. If AU X and AU 2 are 
the changes in internal energy in the processes 1 and 

II respectively, then 

(a) AU X = A(J 2 

(b) The relation between AU X and AU 2 cannot be 
determined 

(c) AU 2 > AU X 

(d) AU 2 < AU X 



V — 

[2005] 

27. Two litres of water (density = 1 g/ml) in an open- 

lid insulated kettle is heated by an electric heater of 
power 1 kW. The heat is lost from the lid at the rate 
of 160 J/s. The time taken for heating water (specific 
heat capacity 4.2 kJ kg -1 K _1 ) from 20°C to 75°C is 

(a) 340 s (b) 550 s 

(c) 620 s (d) 760 s [2005] 

28. In which of the following processes is the heat 
transfer primarily due to radiation? 

(a) Boilng of water 

(b) Land and sea breezes 

(c) Heating of metal rod placed over a flame 

(d) Heating of the glass surface of an electric bulb 

due to current in its filament. [2005] 

29. A spherical body of emissivitye £, placed inside a 
perfectly black body (emissivity =1), is maintained 
at absolute temperature T. The energy radiated by a 
unit area of the body per second will be (a is Stefan’s 
constant) 

(a) aT 4 (b) eoT 4 

(c){\-e)gT 4 (d) (1 +e) oT 4 

|2005] 


30. 


Assuming the Sun to be a spherical body is radius 
R at a temperature of T K, evaluate the total radiant 
power, incident on the Earth, at a distance r from the 
Sun. 


(a) 


(c) 


r^RraT 4 

4nr 2 

Anr}R 2 oT 4 


(b) 


(d) 


RroT 4 


r 

nr 2 R 2 oT A 


r 


where r 0 is the radius of the Earth and a is Stafan’s 
constant. [2006] 


31. Two rigid boxes containing different ideal gases are 
placed on a table. Box A contains on mole of nitrogen 
at temperature T {) , while box B contains one mole of 
helium at temperature (7/3)7^.The boxes are then put 
into thermal contact with each other, and heat flows 
between them until the gases reach a common final 
temperature. (Ignore the heat capacity of boxes). 
Then the final temperature of the gases, 7T in terms 

of To is 3 
(a) T f = -T t 

(c) T f H- T{ 


(b) T f=\ T o 

(d) T f =^T 0 [2006| 


32. The work of 146 kJ is performed in order to compress 
one kilo mole of gas adiabatically and in this process 
the temperature of the gas increases by 7°C. The gas 
is a (/? = 8.3 J mol" 1 K 1 ) 

(a) mixture of monoatomic and diatomic gases 

(b) monoatomic gas 

(c) diatomic gas 

(d) triatomic gas [2006] 

33. A Carnot engine, having an efficiency of rj= 1/10 as 
heat engine, is used as a refrigerator. If the work done 
on the system is 10 J, the amount of energy absorbed 
from the reservoir at lower temperature is 

(a) 99 J (b) 90 J 

(c) 1 J (d) 100 J [2007] 

34. One end of a thermally insulated rod is kept at a 
temperature T x and the other at T 2 . The rod is 
composed of two sections of lengths l x and l 2 and 
thermal conductivities A', and k 2 , respectively. The 
temperature at the interface of the section is 


T\ h 


T 2 


k\ * 2 

Fig. 8.55 


(a) {k x l 2 T x + k 2 lJ 2 )l(k x l x + k 2 l 2 ) 

(b) (k 2 I\T l + k x l 2 T 2 )/(k 2 l x + k x l 2 ) 
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(c) (* I / 2 r 1 + * 2 /,r 2 y(* 1 / 2 +* 2 / l ) 

(d) (A'j/j T x + k 2 l 2 T 2 )/{k x l x + A 2 / 2 ) 120071 

35. If C /; and C v denote the specific heats of nitrogen per 
unit mass at constant pressure and constant volume 
respectively, then 

(a) C p -C X =R/ 28 (b) C p - C v = R/\4 

(c) C p - C v = R (d) C p -C V =2SR 

|2007) 

36. When a system is taken from state / to stale/along 
the path iaf it is found that Q = 50 cal and W = 20 
cal. Along the path ibf Q = 36 cal. W along the path 
ibf is [see the figure] 

(a) 6 cal (b) 16 cal 

(c) 66 cal (d) 14 cal 


a J 



b 

[2007] 


37. 400 g of ice at 253 K. is mixed with 0.05 kg of steam 
at 100 °C. Latent heat of vaporisation of stream = 540 
cal/g. Latent heat of fusion of ice 80 cal/g. Specific 
heat of ice = 0.5 cal/g °C. The resultant temperature 
of the mixture is 

(a) 273 K (b) 300 K 

(c) 330 K (d) 373 K |2007| 

38. An insulated container of gas has two chamber 
separated by an insulating partition. One of the 
chambers has volume K, and contains ideal gas at 
pressure P { and temperature T,, The other chamber 
has volume V 2 and contains ideal gas at pressure 
P 2 and temperature 7\. If the partition is removed 
without doing any work on the gas, the final 
equilibrium temperature of the gas in the container 
will be 


T X T 2 (P X V X + P,V 2 ) 
P\V X T X + P 2 V 2 T 2 


tmw + p 2 v 2 ) 
( ) Wi + Wi 


p x v x t x + p 2 v 2 t 2 Wz +WI 

p x v x + p 2 v 2 W+P 2 v 2 

|2008] 

39. A long metallic bar is carrying heat from one of 
its ends to the other end under steady-state. The 
variation of temperature 0 along the length x of the 
bar from its hot end is best described by which of the 
following figures? 



40. One kg of a diatomic gas is at a pressure of 8 x 10 4 
Nm 2 . The density of the gas is 4 kg m 3 . What is the 
energy of the gas due to its thermal motion? 

(a) 6 x io 4 J (b) 7 x 1 () 4 J 

(c) 3 x IQ 4 J (d) 5 x 10 4 J ]2009| 


Directions: Questions 41, 42 and 43 are based on the 
following passage. 

Two moles of helium gas are taken over the cycle 
ABCDA , as shown in the P-T diagram [see the 


figure]. 

i 


2 x 10 5 ' 

A 

P(Pa) 

,, 

1 x 10 5 - 

D 



300 K 


500 K 


41. Assuming the gas to be ideal the work done on the 
gas in taking it from A to B is : 

(a) 400 R (b) 500 R 

(c) 200 R (c) 300 R [2009] 

42. The work done on the gas in taking it from Dio A is: 

(a) -690 R (b) + 690 R 

(a)-414 R (b)+414 R |2009| 

43. The network done on the gas in the cycle ABCDA is: 

(a) 1076 R (b) 1904 /e 

(c) zero (d) 276 R [2009) 

44. A diatomic ideal gas is used in a Carnot engine as the 
working substance. If during the adiabatic expansion 
pail of the cycle, volume of the gas increases from V 
to 32 V the efficiency to the engine is 

(a) 0.5 (b) 0.75 

(c) 0.99 (d) 0.25 [2010) 
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45. A real gas behaves like an ideal gas if its 

(a) pressure and temperature are both high 

(b) pressure and temperature are both low 

(c) pressure is high and temperature is low 

(d) pressure is low and temperature is high [2010] 

46. 100 g of water is heated from 30°C to 50°C. Ignoring 
the slight expansion of the water, the change in its 
internal energy is (specific heat of water is 4184 J/ 
kg/K) 

(a) 4.2 kJ (b) 8.4 kJ 

(c) 84 kJ (d) 2.1 kJ [2011] 

47. A wooden wheel of radius R is made of two 
semicircular parts (see the figure). The two parts are 
held together by a ring made of metal strip of cross 
sectional area S and length L. L is slightly less than 
2 kR. To fit the ring on the wheel, it is heated so that 
its temperature rises by AT and it just steps over the 
wheel. As it cools down to surrounding temperature, 
it presses the semicircular parts together. If the 
coefficient of linear expansion of the metal is a and 
its Young’s modulus is T, the force that one part of 
the wheel applies on the other part is 



(a) 2 nSYaAT (b) SYccAT 

(c) kSYoAT (d) ISYcxAT |2012| 

48. A liquid in a beaker has temperature 0(t) at time t and 
6 0 is temperature of surroundings, then according to 
Newton’s law of cooling the corect graph between 
log c ( 0 — 0 O ) and t 



120121 


49. Three very large plates of same material are kept 
parallel and close to each other. They are considered 
as ideal black surfaces and have very high thermal 
conductivity. The first and third plates are maintained 
at temperatures 2 T and 3 T respectively. The 
temperature of the middle (i.e. second) plate under 
steady conditions is 

(a) r« 

l 2 


„ x ( 97 

(b) zL 

A 



(d) (97 ) 1/4 T 


50. Assume that a drop of liquid evaporates by decrease 
in its surface energy, so that its temperature remains 
unchanged. What should be the minimum radius of 
the drop for this to be possible? The surface tension 
is T, density of liquid is p and L is its latent heat of 
vaporisation. 





120131 


51. If a piece of metal is heated to temperature 0 and then 
allowed to cool in a room which is at temperature 
the graph between the temperature T of the metal and 
time t will be closest to 



( c ) T 
% 

. ^ 

(d) T 

\ 

o 


O 

t 


120131 


52. Two rectangular blocks, having identical dimensions, 
can be arranged cither in configuration I or in 
configuration II as shown in the figure. One of the 
blocks has thermal conductivity K and other 2 K. The 
temperature difference between the ends along the 
x-axis is the same in both the configurations. It takes 
9s to transport certain amount of heat from the hot 
end in the configuration 1. The time to transport the 
same amount of heat in the configuration II is : 


Configuration II 
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(a) 2.0 s (b) 3.0 s 

(a) 4.5 s (b) 6.0 s |2013) 


53. The temperature of the two outer surfaces of a 
composite slab, consisting of two materials having 
coefficients of thermal conductivity K and 2 K and 
thickness x and 4 a \ respectively, are T 2 and 7 1 , ( T 2 
>T y ). The rate of heat transfer through the slab, in a 
. ( A(T~, -T )K\ 

steady state is --- x - - f with /'equal to 

V x )' 




4x 


(a) 1 
(c) 2/3 



|2014) 


54. A diatomic ideal gas is used in Carnot engine as the 
working substance. If during the adiabatic expansion 
part of the cycle, volume of the gas increases from V 
to 32 V the efficiency of the engine is 

(a) 0.5 (b) 0.75 

(c) 0.99 (d) 0.25 [20141 


Questions 55 and 56 are based on the following passage. 

In the figure a container is shown to have a 
moveable (without friction) piston on top. 

The container and the piston are all made 
of perfectly insulating material allowing no 
heat transfer between outside and inside the 
container. The container is divided into two 
compartments by a rigid partition made of a 
thermally conducting material that allows slow 
transfer of heat. The lower compartment of the container 
is filled with 2 moles of an ideal monoatomic gas at 700 
K and the upper compartment is filled with 2 moles of an 
ideal diatomic gas at 400 K. The heat capacities per mole 

„ . . 3 5 

of an ideal monoatomic gas are C = — R , C P = — R and 

5 7 

those for an ideal diatomic gas are C v = — R, C P = — R. 

2 2 

55. Consider the partition to be rigidly fixed so that it 
does not move. When equilibrium is achieved, the 
final temperature of the gases will be 
(a) 550 K (b) 525 K 

(c) 513 K (d) 490 K [2014] 




Fig. 8.64 


56. Now consider the partition to be free to move 
without friction so that the pressure of gases in both 
compartments is the same. Then total work done by 
the gases till the time they achieve equilibrium will 
be 


(a) 250 R (b) 200 R 

(c) 100/e (d)-100/e |2014| 


rM 

'v"° 

Answers 

1 . (a) 

2 . (c) 

5. (a) 

6 . (a) 

9. (c) 

10 . (c) 

13. (c) 

14. (b) 

17. (c) 

18. (d) 

21 . (d) 

22 . (c) 

25. (c) 

26. (a) 

29. (b) 

30. (c) 

33. (b) 

34. (c) 

37. (a) 

38. (a) 

41. (a) 

42. (d) 

45. (d) 

46. (b) 

49. (c) 

50. (c) 

53. (d) 

54. (b) 


3- (c) 

4. (a) 

7. (c) 

8 . (a) 

11 . (a) 

12 . (d) 

15. (d) 

16. (b) 

19. (b) 

20 . (c) 

23. (d) 

24. (b) 

27. (b) 

28. (d) 

31- (a) 

32. (c) 

35. (a) 

36. (a) 

39. (d) 

40. (d) 

43. (d) 

44. (b) 

47. (d) 

48. (a) 

51. (b) 

52. (a) 

55. (d) 

56. (d) 



Solutions 


1. The correct choice is (a). The efficiency of a reversible 
cycle depends upon the temperature of the source and 
the sink which will be different for different cycles. 


2. The efficiency of Carnot engine is given 

,-.-a 

' T, 

where T ] is the absolute temperature of the source and 
T 2 that of the sink. To have 100% efficiency must be 
equal to I which is possible if T 2 = 0 kelvin which is 
not attainable. 

C p 

3. from C P - C v = R and y = . we get 


C. 


R 

C -‘FT 


7 


R 


For the first gas of y = “, C v = (]__ 


5 R 


1 
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For the second gas of y = —, C v = 


R 


3 R 


^-r 

3 


\j j 

By definition of C v „ the amount of heat required 
to raise the temperature of 1 mole of the first and 
second gases by IK is (v Q = n C v AT) is 


5 R 

Q x =~ and Q 2 - 


3 R 


2 2 
Total heat energy to raise the temperature of 2 

moles of the mixture is 
5 R 3 R 

Q\ + Qi ~ + - 4R 


For 1 mole of mixture. 


4 R 


= 2 R, i.e. C, of mixture 


= 2R 

The yof the mixture is given by 


R 


= 2 R 


y-l 

Alternative Method 

Use the formula 

Which gives 
3 

=>y= t 


r= 


/?, 4- n 2 

7-1 
1 + 1 

y^T ~ 




71" 1 

1 

l 5 


+ 


77 - 


+ 


y 2 -i 

i 

3 


4. Process A —> B occurs at constant pressure. Hence 
the work done in this process is (see the figure). 

W AB = PdV = P(V 2 - V x ) 

= 10 x (2- 1)= 10 J 

Process B —> C, occurs at constant volume. Hence 
W BC = 0. Given O = 5J, i.e. total work done is W } = 
5 J. Therefore, we have 

W,= W AR + W BC + W CA 


CA 


or 5 = 10 + 0+ W ( 

°r W CA = 5 J, which is choice (a). 

5. For an ideal gas ,pV= nRT. Differentiating, we have 


since T is kept constant 

dV dV 

P — + V = Oor 


dp 

Hence [5 = 


dp 

l fdV N 


V 


dp 


V_ 

P 

1 


Therefore, choice (a) correctly represents the graph 
of P versus p. 

6. The correct choice is (a) because, initially the black 
body will absorb radiations as the surroundings, i.e. 
furnace, arc at a higher temperature and, therefore, 
is the blackest. Later it emits the radiations (having 
become hot) and is therefore, the brightest. 


7. The length of each rod increases by the same amount 
if /, = / 2 a 2 or 

h a l 

/, 


or 


or 


or 


i+u 
/, 


a 


+ 1 


a 


l l v ^2 

/j +1 2 ct\ +a 2 

a. 


l 


I 


i _ 


a 


l\ + 2 o:, + a 2 

8. Since A B is an isolthermal process, the temperature 
of the gas remains constant between A B. Hence the 
P-T diagram must be perpendicular to the T-axis 
between A and B. Hence the correct choice is (a). 

9. Let n be the number of moles of the gas in the box. 
The kinetic energy of the gas = n^-Mv 2 ^. When 

the box is suddenly stopped, this energy is used up in 
changing the internal energy, as a result of which the 
temperature of the gas rises. The change in internal 
energy is given by 

AU=nQ, AT 


For a diatomic gas C v = - R. 


5 R 

Hence nx — xA T = nx — Mv 2 
2 2 


or AT = 


Mv‘ 
5 R 


, which is choice (c) 


10. If follows from the figure on page 8.51 that the 
temperature of body x falls more rapidly with time 
than that of body y. Hence E x > E v . Also a good 
emitter of radiation is also a good absorber of 
radiation (Kirchhoff’s law). Hence a x > a v . Thus the 
correct choice is (c). 

11. The correct choice is (a) 

12. For adiabatic process, 

p(\ r)jr = cons tant 
=> />0-7)oc j-y 

r 

=> Poc T y ~ x 

Given P p. Hence 

i y 3 

y -1 ' 2 

13. The correct choice is (c) 

14. T, = 627 + 273 = 900 K, T 2 = 27 x 273 = 300 K 

300 _ 2 

3 


Efficiency 




Qx 


i 


900 
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W= -xQ, = -x(3xl0 6 x4.2J) = 8.4 xio 6 J 
3 1 3 

15. According to Newton's law of cooling, the rate of 
cooling is 

do 

— = -k(AO), k = constant 
dt 

Hence n =1 

16. The correct choice is (b). The internal energy does 
not change in an isothermal process. Entropy can 
change in an adiabatic process. Work done in an 
adiabatic process is not zero. 

17. Let /?, and n 2 be the number of moles of the gases 
in vessels 1 and 2 before the valve is closed [Fig. 
(a)]. Let P and T be the equilibrium pressure and 
temperature after the valve is opened [Fig. (b)]. The 
volume of gas in each vessel = volume of the vessel. 



When the valve is closed [Fig. (a)] 

PtVt 

P\ V\ - w. RT\ => "^=~Y (0 

P 2 V- 2 

PtY2 = n 2 RT 2 => n 2 T 2 =J y- (ii) 

The internal energy of gas having / number of 
degrees of freedom is given by 

u= 2 ( nRT) 

Since no heat is supplied or taken out of the system 
and no work is done by on the system, according to 
the first law of thermodynamics, the internal energy 
before the valve is opened = internal energy after the 
valve is opened, i.e. 

| («,/? 7,) + | (« 2 R T 2 ) = | («, + n 2 )R T 
=> /?j T x + n 2 T 2 = (/7 , + n 2 )T (iii) 


Using (i) and (ii) in (iii), we have 


W+PlV2 

R 


R 




m , p i v 2 

t 


2 J 


L 

R 


T = 


C PiV x +P 2 V 2 W 2 


(W2 + W1) 

1 8 . Let A be the area of each slab. In the steady state, the 
rate of heat flow through the composite slab is given 
by 

Q _ T 2 -T x A(T y -T,) 

1 l 

t 


/, 


+ 


E + h 


(i) 


K X A K 2 A K t K 2 
Given /, =xj 2 = 4x, AT, = AT and K 2 = 2K. Using these 
values in ( 1 ) we get 


Q_ A(T 2 -T { ) 
t x 4x 
k + 2K 


A(T 2 -T { )K 


x 


1 

x - 
3 


Comparing this with the given rate of heat transfer, 

„ 1 

we get/= 

19. Let the initial temperature be T and let M be the mass 
of the cube. Lct^ 0 , p () and d 0 respectively be the base 
area of the cube, the density of the material of the 
cube and the depth up to which it is submerged in the 
liquid, the upthrust = A 0 d 0 p 0 g. From the principle 
of floatation, weight = upthrust, i.e., 

Mg = A a d 0 p 0 g 

or M=A 0 d 0 p 0 (1) 

When the temperature is raised to (T + AT), let A, 
p and d be the base area, density and depth at this 
temperature. Now, the coefficient of superficial 
(area) expansion is f}= 2a. 

Hence 

A = A 0 (\ + fiAT) 

= ^ 0 (1 +2 aAT) (2) 

Po 


Also 


P = 


(3) 


(1 + y AT) 

The upthrust at temperature (T + AT) = A dpg. From 
the principle of floatation, we have 


Mg = A dpg 
or M = A dp 

From (1) and (4), we get 
A dp = A 0 d 0 p 0 

or Ap = A 0 p 0 (vd = d 0 ; given) 

Using (2) and (3), we have 

A„0+2a4T)x -'lap. 

Which gives 2a= y. 

20. For an isothermal process : PV = constant and for an 
adiabatic process : P\ r/ = constant, where y is the ratio 
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of the two specific heats (C ; /C.,) of the gas. When 
a gas is compressed from a volume V to a volume 

y A VP 

(F- A V), the increase in pressure is (AP) adia = p — 

A VP 

for an adiabatic compression and (AP) iso = ~y~ for 
an isothermal compression. 


P 



Hence P 3 will be greater than P x . Therefore, the P-V 
diagrams of isothermal expansion from V ]9 P x to 
V 2 , P 2 and adiabatic compression for V 2 , P 2 to 
V x , P 2 are as shown in the figure. Let W l and W 2 be 
the work done in isothermal expansion and adiabatic 
compression respectively. Therefore, net work done 
is 

W= W x + (~W 2 ) = W x - W 2 

Now, the area under the adiabatic curve is more than 
that under the isothermal curve. Hence W 2 >W X , 
Therefore, W< 0. Hence the correct choice is (c). 

. If a steady temperature difference (0, - 0 2 ) is 
maintained between the ends of a conducting rod of 
length L and cross-sectional area A , the rate of flow 
of heat through the rod is given by 

= °2l 

q L 

where A is the coefficient of thermal conductivity 
of the material of the rod. In the first experiment, 
the two rods are connected in series. If two rods of 
equal cross-sectional areas and of lengths L, and L 2 
and conductivities k x and k 2 are joined in series, the 
equivalent conductivity k 2 is given by 

L \ +L 2 = k + h 

ks k x k 2 

For two identical rods, L, = L 2 = L and A, = k 2 = A, 
in which case, Eq. (1) gives k 2 = A. Further, when 
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two identical rods are joined in series, the length of 
the composite rod is ( 2 L) but its cross-sectional area 
is A, the same as that of each rod. Hence the rate of 
flow of heat in this case is given by 

kA(6 x -0 2 ) 

<7i = ■ 


(2 L) 


( 2 ) 


In the second case, the two rods are connected in 
parallel. If two rods of equal lengths and equal cross- 
section areas and having conductivities A, an k 2 are 
joined in parallel, the equivalent conductivity of the 
composite rod is given by 

K p = Aj + A 2 

For two identical rods, A, = k 2 = A. Hence k p = 
(2A). Furthermore, the cross-sectional area of the 
composite rod is (2 A). Therefore, in the second case, 
the rate of flow of heat is given by 

(2k)(2A)(0 l — 0?) 

<72= - 


L 


( 3 ) 


Dividing (2) by (3), we get — = - . Now, the rate 

q 2 8 

of melting of ice is proportional to the rate of flow of 
heat. So, the correct choice is (d). 

22. According to Stefan’s law, the power radiated by a 
black body at absolute temperature T is given by 

Q=gAP (1) 

Where A is the surface area of the body and a is 
Stefan’s constant. According to Wien’s displacement 
law, 

KJ=b 

where X m is the wavelength corresponding to 
maximum emission of radiation and h is Wien’s 
constant. Thus 

b 


T = 


( 2 ) 


'm 


Using (2) in (1), we get 


t 


0 = a A 


\ 


A. 


ab 4 A 


A 


m 


V “m J 

For a sphere of radius /*, A =4 m 2 . Hence 


Q i = 


ah 4 Anr 


= k 


r 


1 ~ i4 " ;4 

A m A n, 

where k = 4 nob 4 is a constant. Hence 

2 


(3) 


Q,=k 


’i 


W,), 


and 


Q,=k 


Qi 


r-, 
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f 3 cm ^ 

L 

X 

f 500 nm ' 

•4 

(5\ 

^ 5 cm ) 

v 300 nm j 


v 3 ) 


23. The only incorrect statement is (d). The concept 
of entropy is related to the second law of 
thermodynamics. 

16 5 

24. For helium ; n x = —= 4 and y, = — (monoatomic) 

16 1 A 7 

For oxygen; n 2 = — = — and y 2 = ~ (diatomic) 

Refer to the solution of Question 3 of this section. 
Use the formula 


/?i + n 2 


n x 


+ 


fh 


(y-D (7i-i) (72-0 
which gives y= 1.62 

25. Consider a small element of thickness dx and radius 
x as shown in the figure. Since the thermal resistance 
1 

is R = 177>the thermal resistance of the element is 


KA 


dx 


JR = 


k(Anx ) 

where k is the thermal conductivity of the material 
between the two spheres. The thermal resistance of 
the material is 


1 r \dx 


e i r ax 


Ank 


Ank 
1 1 


v'i 


h ~ r \ 
Ankr x r 2 


The rate of flow of heat is 

Q (7] ~T 2 ) _(T\- T 2 )x An kr j r 2 
t 


R 


- n ) 


Since (7^ -T 2 ) and k are constant, — «= ^ 2 — 

t (r 2 - a, ) 



26. The change in internal energy is independent of the 
path of followed by the processes; it depends only on 
the initial and the final states of the system. Hence 
AU x = AU 2 . 

27. Mass of 2 litres of water = 2 kg. Heat energy needed 
to raise the temperature of 2 kg of water from 20°C 
to 75°C is 

Q = 2 x (4.2 xlO 3 ) x 55 = 4.62 xlO^j 

If t is the time taken, heat energy supplied by the 
heater in time t is 


Q x = (power x time) = 1000 / joule 
Heat energy lost in time / is 
Q 2 = 160 / joule 

Heat energy available for heating water is 
0= £?i-02= 8 40 J 
Equating Q = Q\ we get / = 550 s. 

28. The correct choice is (d). Fleat transfer in boiling 
of water and in land and sca-brcczcs isn primarily 
due to convection. A metal rod placed over a flame 
is heated primarily by conduction. Heat transfer 
by convection and conduction takes place through 
matter (or medium). The electric bulb is evacuated. 
Hence heat transfer in an electric bulb is not due to 
conduction or convection. 

29. The correct choice is (b). According to Stefan’s law, 
the energy radiated per second by a unit area of a 
body of emissivity £ is £ <7 T 4 , irrespective of the 
surroundings. 

30. Surface area of the Sun = 4 nR 2 . From Stefan’s law, 
the power radiated by the Sun is 

P s = oAT* = 4 nR 2 aP 

This power is radiated by the sun in all directions. 
Therefore, pwer received per unit area on earth’s 
surface is PJAn r 2 . Hence, the total power incident 
on the earth is 

P 

P tt = —“r x surface area of earth 
4nr 2 


AnR 2 oT A 

4nr 2 


x Anri 


Anri R 2 oT* 

7 

3 1. The change in internal energy of an ideal gas is given 
by 

AU = n C v AT = nC v (T f -T,) 
where n = number of moles and T l = initial 
temperature. 
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For a diatomic gas (such as nitrogen) C v = — R and 

Am* 

3 

for a monoatomic gas (such as helium) C v = — R. 

r n 2 


• 

• • 

AU for oxygen = 1 x 

2 

* (T f -T a ) 



3 R 

f IT \ 

and 

AU for helium = 1 x 

s' - 

1 



2 


Since no heat is given to or taken from the surrounding, 
the total internal energy of the system cannot change. 
Therefore 


1 x 


5 R 


x (7>- rj + ix- 


3 R( t 1T 0 \ 

1 f ~ 




f 


3 ) 


= 0 


Which gives T f = — T 0 , which is choice (a). 

32. An adiabatic process, the work is given by 

nR(T x -T 2 ) 


W = 


or 146 x 10 3 = 


7-1 
1000x8.3x7 


(v AT =7°C = 7K) 


(7-1) 

which gives y= 1 + 0.4 = 1.4. Hence the gas is 
diatomic 

33. The efficiency of a Carnot engine is given by 

Work done per cycle 


n = 


Heat energy supplied per cycle 


= w_ =1 _Zk 

Q\ T \ 

where 7, = temperature of the source and T 2 = 
temperature of the sink. Given ij = 10% = 0.1. Hence 

t ; 


0.1 = 1 - 


T 2 = 0.9 T, 


The performance of a refrigerator is given by 

Heat absorbed per cycle 


P = 


Work done per cycle 


(h = 

W 


0.9 7, 


T\ - T 2 7, - 0.9T, 


= 9 


Q 2 = 9W= 9 x 10 = 90J 


@L_ Qi_ 

t t 

k 2 A(T 0 -T 2 ) 

^ h h 

=> A', / 2 (7, -r 0 ) = ^ 2 /,(r 0 -r 2 ) 

_ (k\l 2 T\ + k 2 l x T 2 ) 

0 (k\l 2 + k 2 l \) 

35. Let C p and C v be the molar specific heats of gas at 
constant pressure and constant volume repectively. 
Then 

C'p - C' v = R (1) 

The molecular mass of nitrogen is 28. Therefore, the 
specific heats per unit mass of nitrogen at constant 
pressure and at constant volume respectively are 

C. 


Cp 28 


p and C v = Tl 


28 


R 


Using these in Eq. (1), we get C p -C v = — . 

36. From the first law of thermodynamics, we have 

Q=W+AU 

Where Q = heat energy supplied, W = work done and 
AU = change in internal energy. For the paths iaf and 
ibf we have 

50 = 20 + AU (1) 

and 36 = W + AU (2) 

Eliminating AU from Eqs. (1) and (2) we get W = 6 
cal. 

37. Heat required to melt the whole of ice is 

= ms AT + mL 

= 400 x 0.5 x 20 + 400 x 80 (.\253 K = -20°C) 

= 4000 + 32000 = 36000 cal 

The maximum heat released by steam when the 
whole of it (= 50g) is converted into water at 0°C is 

Q 2 = ms AT + mL 

= 50 x 1 x 100 + 540 x 50 


34. Let T 0 be the temperature at the interface and A be 
the cross-sectional area of each rod. 



Fig 8. 68 


In the steady state, the rate of flow of heat through 
rod A = rate of flow of heat through rod B , i.c. 


= 5000 + 27000 = 32000 cal 

Since Q 2 is less than Q l9 the whole of ice will not 
melt. Hence the final temperature of the mixture will 
be 0°C or 273 K. 

38. Refer to the solution of Question 18 of this section. 
The correct choice is (a). 

39. Let 0 be the temperature at point C at a distance 
x from end A of the bar whose ends are kept at 
temperatures and 0 2 with 0, > 9 2 . L = length of 
the bar. [see the figure below] 
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L—X , 




In the steady state, the rate of flow of heat from A to 
C = rate of flow of heat from C to B , i.e. 

KA(0 ] -0) KA(6-0 2 ) 


0 = 0 , 


0 ,-02^ 


X 


Thus, the graph of 0 versus x is a straight line with a 
positive intercept and a negative slope. 


nr\ 


40. P= 8 x 1 0 4 N m -2 , V= — = - 

P 4 

5 5 

Thermal energy = — nRT = — PV 

2 2 

= — x (8 x 1 () 4 ) x — = 5 x 10 4 
2 4 

41. PV = /;/?r. Since P = constant in process A to B 

W A ^ B = PAV = nR AT= 2 x R x (500 - 300) = 400 /? 

42. Process D to /t is isothermal. Since the pressure 
increases from D to A, the volume of the gas 
decreases, hence work is done on the gas. Thus, 

W D ^ A is negative 


W D _> A = 2.303 nRT log 10 


D 


\ r A ) 


= -2.303 x 2 x R x 300 log 10 
= +414 R 

43. Net work done in the cycle ABC DA is 
W'ne, = W A _ B + W B ^ C +W C ^ D + W f) ^ A 


f 1x10 5 N 
2 x 10 5 


= nR(T B -T A ) + nRT B \n 


+ nRT D In 


( P ^ 

l D 

\ P A> 


B 


kPcj 


+ /?/? ( Tyj) r c ) 


= 400 /? + nRT B In (2) - 400 R + nRT D Ini —J 

= nR(T B -T D ) In (2) 

= 2xRx (500 - 300) x 0.693 

= 277 /?. So the closest choice is (d). 

44. Efficiency of the engine is 

T, 




For an adiabatic process, TV 7 1 + constant. 


T x vy- X = r, v/- 1 


2 _ 


T 


“ 2 


y-i 


2/5 


For a diatomic gas y= j . Hence 

2.. pr# 1 ) _ 

r, l—J " <321 

= 4 

77=1-- = -=0.75 
4 4 

45. The correct choice is (d) 

46. AQ = ms AT=(\00 x 10 3 ) x 4184 x 20 = 8.4 x 103 J 

= 9.4 kJ 

Since volume does not change, AW - 0. Hence 
AU = AQ -AW =8.4-0 = 8.4 kJ 
stress FIS 


47. y = 


strain ALIL 

F= y —S 
L 


But 


A L 


= a AT 


F = yaSAT 

Since the wheel has two semicircular parts, the force 
which one part exerts on the other is 

F =2F= 2 y aS AT 

48. According to Newton's law of cooling, 

d6 

k (9 — 0q) 


dt 

dO 


= -kdt 


0-0 o 
Integrating, 

r de r 

.•=*“-** 


0 


=> ln( 0 - 0 0 ) = -kt + c 

where c is the constant of integration. Hence the 
graph of ln (0 - 0 O ) vs / is a straight line having a 
negative slope. So the correct choice is (a). 

49. In the steady state, the rate at which the middle plate 
receives heat energy is equal to the rate at which 
heat energy is emitted by the other plates. Let A 
be the area of each plate and T a be the steady state 
temperature of the middle plate. Since both sides of 
the middle plate receive heat energy, the total area of 
the middle plate receiving energy is 2 A. 
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2T 


3 T 


From Stefan’s law 

cr (2/1) ( T a ) 4 = oA (2 T) 4 + aA (3 T) 4 
=> 2 r„ 4 = 16 7^ + 81 7^ = 97 r 4 

(9lV* 

=* t ° = It) r 

50. I leat energy needed to decrease the radius of the drop 
from Rio (R- AR) is 

AO = T * 4k [R 2 - (R - AR) 2 ] 

= T x An [R 2 -R 2 - 2RAR) 2 ] (v AR «/?) 

= XnTRAR (1) 

If Am is the mass of liquid evaporated, then heat 
energy needed is also given by 

AO = (Am)L = (4 nR 2 pAR)L (2) 

Equating (1) and (2) we get 
(4nR 2 pAR)L = 8 /r TR A R 

IT 


R = 


pL 


51. Initially the temperature of the metal piece falls 
rapidly with time because (0- 9 0 ) is high. The fall 
in temperature is non-linear. Finally the piece attains 
the room temperature. So the correct graph is (b). 

Q AT 

52. — = ; (R = thermal resistance) 


Q_ 

AT 


t 

R 


(i) 


t 


Since Q and AT are the same = “constant. Hence 

R 


U 


t- 


R t R. 


Configuration 1 


Configuration 2 : 



l 

/ 

3/ 

R\ = 

-+- 



KA 

2 KA 

” 2 KA 

l 

2 KA 

KA 

3 KA 


-4- 

— 

R, 

/ 

i 

/ 


Rj 3KA 


Using these in (i), 


9 _ '2 

3//2 KA 1/3KA 



53. Refer to the solution of question 18 of this section. 
The correct choice is (d). 

54. Refer to the solution of question 44 of this section. 
The correct choice is (b). 

55. Let T be the equilibrium temperature. Since the 
partition between then two compartments is regid, 
the transfer of heat from the lower compartment 
(which contains a monoatomic gas at 700 K.) to the 
upper compartment takes at constant volume. 

.*. Heat transferred from lower to upper compartment 
is 

3 R 

O, = nC v AT = 2 x — x(700 - T) (1) 

Since the position and the top of the upper 
compartment are frictionless, heat Q 2 is gained by the 
diatomic gas in the upper compartment at constant 
pressure, i.e. 

Q x =nC p AT= 2 x — x(T-400) (2) 

Equating (1) and (2), 

3 R 1R 

2 x —- x (700 - 7) = 2 x — x(r- 400) 

=> 3 x (700- T) = l x (T - 400) 


r=490 K 

56. If the partition between the two compartments 
is frictionless, the heat exchange between the 
gases takes place at constant pressure. If T' is the 
equilibrium temperature now, then 

^ R n n 

2 x — X (700 - n = 2 x __ X (T- 400) 

=> r = 525 K 

Since the temperature of the gas in the lower 
compartment falls, the work done by the gas is 
W x = -/?/? AT = -2 x R x (700 - 525) = -350 R 

Since the temperature of the gas in the upper 
compartment increases, the work done by the gas is 
W 2 = +nR AT= +2 x R x (525 - 400) = +250 R 
Net work done = W ] + W 2 = -350 R + 250 R 
= -100 R 
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KINETIC THEORY 
OF GASES 


REVIEW OF BASIC CONCEPTS __ 

1. Assumptions Regarding the Model 
of an Ideal Gas 

(i) A gas consists of very tiny particles called mol¬ 
ecules which are identical in all respects. 

(ii) The molecules are in random motion and obey 
Newton’s laws of motion. 

(iii) The total number of molecules is very large. 

(iv) The volume of molecules is negligibly small com¬ 
pared to the volume occupied by the gas. 

(v) The molecules do not exert any appreciable force 
on each other except during collision. 

(vi) The collisions of molecules between themselves 
and with the walls of the container are perfectly 
clastic. The collisions are of negligible duration. 

2. Pressure Exerted by an Ideal Gas 

The pressure of a gas in a container is a result of the 
continuous bombardment of the gas molecules against the 
walls of the container and is given by 

p _ 1 mnv L, _ 1 Mv 2 ms _ 1 2 _2 U_ 

3 V 3 V 3 P ms 3 V 

where m = mass of each molecule, n = number of 
molecules in the container, y nns = root mean square speed 
of molecules, V — volume of container, M = mass of gas 
in the container, p = density of the gas and U = internal 
energy of the gas. 

3. Root Mean Square Speed 

The root mean square (rms) speed is defined as 



Chapter 


where v l9 v 2 , v i9 ••• v n are the speeds of the molecules 1,2, 
3, ••• n respectively. In terms of P and p, v ms is given by 



where m is the mass of each molecule, T is the absolute 
temperature of the gas and k is a constant called Boltzmann s 
constant. Its value is 

k= 1.38 x 10 “ 3 J K 1 per molecule 
R is the universal gas constant and its value is 

R= 8.315 J K~' mol -1 


4. Mean Translational Kinetic Energy 

The mean translational kinetic energy of a molecule of a 
gas is given by 


E= - mv Ls 

In terms of £, the pressure of the gas is given by 



1 ? 

- P V rms 


2nE_ 
3 V 


2 U_ 

3 V 


where U = nE is the total translational kinetic energy of 
all the n molecules of the gas. It is also called the internal 
energy of the gas. 


5. Avogadro's Law 

Equal volumes of all gases at the same temperature and 
pressure contain an equal number of molecules. This is 
Avogadro’s law. The number of molecules in one mole 
of any gas is 6.0255 x 10“ which is called the Avogadro 
number. The amount of a substance which contains as 
many elementary units as there are in 0.012 kg (or 12 g) 
or carbon-12 is called a mole. In other words, a mole of 
substance is the number of grams equal to its molecular 
mass in grams. 
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Thus, the mass of 1 mole of carbon is 12 g or 0.012 kg 
and that of 1 mole of oxygen is 32 g(0.032 kg). 

6. Equation of State of an Ideal Gas 

The relationship between pressure / J , volume V and 
absolute temperature T of an ideal gas is called the equation 
of state. For n moles of a gas, this relation is 

PV= nRT 

where R is the molar gas constant. 

From Avogadro’s law, it follows that one mole of all 
gases, at the same temperature and pressure, occupies 
equal volume. Experiments confirm that one mole of any 
gas occupies 22.4 litres at STP. Consequently, for one mole 
PV 

the ratio - is constant lor all gases. This constant is the 

T 

molar gas constant and can be evaluated as follows: 

At STP, U= 22.4 litre = 22.4 x 10' 3 m 3 

P= 0.76 mHg= 1.013 x 10 5 Nm 2 
T= 273 K 

„ PV 1.013 x10 s x 22.4 xl0“ 3 
T 273 

= 8.315 J mol ' 1 K 1 

7. Van der Waal's Equation of State 

According to Van der Waal, the true pressure exerted by 
a gas is greater than P by an amount aiV~ (where a is a 
constant) due to attractive forces between molecules and 
the true volume of the gas is less than V by an amount 
h (where h is another constant) because molecules 
themselves occupy a finite space. The Van der Waal’s 
equation of state is 

P + A-1 ( V-b) = nRT 
V V 1 J 

At high pressures, when the molecules are too many 
and too close together, the correction factors a and h both 
become important. But at low pressures, when they are not 
too many and not too close together, a gas behaves like an 
ideal gas and obeys the equation PV = nRT. 

8. Degrees of Freedom and Equipartition 
of Energy 

The total number of coordinates or independent quantities 
required to completely specify the position or configuration 
of a dynamical system is called the degrees of freedom of 
the system. 

The molecules of a monoatomic gas consist of single 
atoms. Therefore, the molecules of a monoatomic gas have 


three degrees of freedom corresponding to translational 
motion. The molecules of a diatomic gas have five degrees 
of freedom-three corresponding to translational motion and 
two for rotational motion. A polyatomic molecule has six 
degrees of freedom including one of vibrational motion. 

The law of equipartition of energy is stated as follows. In 
any dynamical system with a uniform absolute temperature 
T, the total energy is distributed equally among all the 
degrees of freedom and the average energy per degree of 

1 

freedom per molecule equals — AT, where k= 1.38 x 10 “ 

J K. -1 . 2 

If the molecules of a gas have /degrees of freedom, then 

kinetic energy per molecule =/x — AT. Therefore, kinetic 
energy per mole is ^ 


Now 


U= Nfx - kT = — RT 
2 2 

C V =^ = ±R 
AT 2 


and 


C=C V +R=- R + R = A + 11 R 

p v 2 \ 2 


C P 

Y= — = 
C„ 


A + l] 

R 

\2 



/ 


R 


l + i 
/ 


2 5 2 7 

Thus y= 1 4- — = — for a monoatomic gas = 1 + — = — 

3 3 5 5 

. „ 2 4 . 

for a diatomic gas = 1 + — = — for a triatomic or polya- 

6 3 

tonne gas 

(Q EXAMPLE 1 Calculate the root mean square speed 
of the molecules of hydrogen gas at S.T.P. Density of 
hydrogen at S.T.P. is 9 x 10 2 kg m 3 . 

© SOLUTION At S.T.P., pressure P = 1.01 x 10 s Pa 
and density p = 9 x 10~ 2 kg irT 3 . 


3 P _ |3 x 1.01 x 10 s 

p \ 9 x 10 -2 

= 1840 ms -1 

EXAMPLE 2 Calculate the temperature (in kelvin) 
at which the root mean square speed of a gas molecule is 
half its value at 0°C. 




SOLUTION 




Copyrighted material 



Kinetic Theory of Gases 9.3 


1 

2 


r 

273 


r = 68.25 K 


EXAMPLE 3 Find the mean translational kinetic 
energy of an oxygen molecule at 0°C. Given Avogadro 
number N = 6.03 x 10 23 per mole and R = 8.3 JK 1 mol l . 


SOLUTION E= — tnv~ 

2 


rms 


3 3 RT 

= —kT= - 

2 2 N 


3x8.3x 273 _ A 2 , 

E= -— = 5.64 x 10" 21 J 

2 x 6.03 x 10 23 


EXAMPLE 4 Calculate the mean translational 
kinetic energy of 1 mole of hydrogen at S.T.P. Density of 
hydrogen at S.T.P. is 0.09 kg m \ 


SOLUTION v Tim = 


13 P__ / 3x1.01x10 s 
p ~ V 0.09 

= 1.84 x 10 3 ms 1 


Mass of 1 mole is 


m = 22.4 x 10 3 m 3 x 0.09 kg m 3 


= 2.016 x 10 -3 kg 


jr p 1 2 

K.E. = — mv r 
2 


1 


rtns 


= ^ x (2.016 x l<r 3 )x (1.84 x 10 3 ) 2 
= 3.41 x 10 3 J 

EXAM PLE 5 Calculate (a) the average translational 
kinetic energy of the molecules of an ideal gas at 0°C and 
at 100°C and (b) the energy per mole of the gas at 0°C and 
100°C. Given Avogadro’s number N = 6.02 x 10 23 and 
Boltzmann’s constant k = 1.38 x 10 23 JK 

SOLUTION 

(a) Average translational K.E. of a molecule of an 
ideal gas is 

E= -kT, 

2 

where T = temperature in kelvin 
At T = 0°C = 273 K, 

E= — x (1.38 x 10 -23 ) x 273 
2 

= 5.65 x 1(T 21 J 
At T= 100°C = 373 K, 


E= - x (1.38 x 10 23 )x 373 
2 

= 7.72 x lO^ 2 ' J 


(b) Number of molecules in 1 mole of a gas is N = 
6.02 x 10 23 

K.E. of 1 mole at 273 K = (5.65 x 10~ 21 ) 
x (6.02 x 10 23 ) = 3.40 J 

K.E. of 1 mole at 373 K = (7.72 x 10^ 21 ) 
x (6.02 x 10 23 ) = 4.65 J 

EXAMPLE 6 The speed of sound in a gas at S.T.P. 
is 330 ms 1 and the density of the gas is 1.3 kg m \ Find 
the number of degrees of freedom of a molecule of the gas. 


SOLUTION 


yP 

v = 1 


v 2 p (330) 2 x 1.3 , . 

• y= —— — --— 1 4 

P 1.01 x 10 5 

If/ is the number of degrees of freedom, then 


f= 


y -1 (1.4-1) 


= 5 


EXAMPLE 7 The volume of 2 moles of a diatomic 
ideal gas at 300 K is doubled keeping its pressure constant. 
Find the change in the internal energy of the gas. Given R 
= 8.3 JK -1 mol 1 . 

© SOLUTION According to kinetic theory, there are 
no internal forces of interaction between the molecules of 
an ideal gas. This implies that the potential energy is zero. 
Hence, for an ideal gas, the internal energy is only due to 
kinetic energy of the molecules. 

For n moles of an ideal gas at absolute temperature T, 
the internal energy is 

U= — nRT 
2 

where / is the number of degrees of freedom. For a diatomic 
gas/= 5. Therefore 


U= -nRT 
2 

Since pressure is kept constant, V T (Charles’ law), i.e. 
^ _ ^2 


T x T. 


t 2 = 


2 

(VA 

kV x ) 


r, = 2 T\ = 600 K 


(v V 2 = 2V [ ) 


AU= U 2 - (7, = -nR(T 2 - 7 1 ,) 

= ^ x 2 x 8.3 x (600 - 300) 
= 1.245 x 10 4 J 
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Alternative Method 

A U= nC^T 

For diatomic gas, C v = —. Therefore 


A (/ = 2Xy x (600-300) 
= 1.245 x 10 4 J 


1 

SECTION 


Multiple Choice Questions with One Correct Choice 


1. The root mean square speed of gas molecules 

(a) is the same for all gases at the same temperature 

(b) depends on the mass of the gas molecule and its 
temperature 

(c) is independent of the density and pressure of the 
gas 

(d) depends only on the temperature and volume of 
the gas 

2. The relation between volume F, pressure P and 
absolute temperature T of an ideal gas is PV = xT 
where .v is a constant. The value of x depends upon 

(a) the mass of the gas molecule 

(b) the average kinetic energy of the gas molecules 

(c) P , Fand T 

(d) the number of gas molecules in volume V 

3. The equation of state for n moles of an ideal gas is 
PV = n RT, where R is a constant. The SI unit for 
R is 

(a) J K _l per molecule (b) J kg -1 K -1 

(c) J K“‘ mol -1 (d) J K“‘ g _1 

4. Four molecules of a gas have speeds 1, 2, 3 and 
4 km s -1 . The value of the root mean square speed of 
the gas molecule is 

(a) —yf\ 5 km s ' (b) — -s/To km s 1 

2 2 

(c) 2.5 km s 1 (d) yfl 5/2 km s 1 

5. The average kinetic energy of a molecule of a gas at 
absolute temperature T is proportional to 

(a) 1 IT (b) JT 

(c) T (d) T 2 

6. The root mean square speed of the molecules of a gas 
at absolute temperature T is proportional to 

(a) 1 IT (b) Jf 

(c) T (d) T 1 


7. The following four gases are at the same temperature. 
In which gas do the molecules have the maximum 
root mean square speed? 

(a) Hydrogen (b) Oxygen 

(c) Nitrogen (d) Carbon dioxide 

8. If k is the Boltzmann constant, the average kinetic 

energy of a gas molecule at absolute temperature T is 
(a) k 772 (b) 3 k 774 

(c) k T (d) 3 k 772 

9. E 0 and E h respectively represent the average kinetic 
energy of a molecule of oxygen and hydrogen. If the 
two gases are at the same temperature, which of the 
following statements is true? 

(a) E 0 > E fj (b) E 0 = E h 

(c) E 0 < E h 

(d) Nothing can be said about the magnitude of E 0 
and E h as the information given is insufficient. 

10. Choose the correct statement from the following: 

(a) The average kinetic energy of a molecule of any 
gas is the same at the same temperature. 

(b) The average kinetic energy of a molecule of a gas 
is independent of its temperature. 

(c) The average kinetic energy of 1 g of any gas is 
the same at the same temperature. 

(d) The average kinetic energy of 1 g of a gas is 
independent of its temperature. 

11. The root mean square speed of the molecules of an 
enclosed gas is v. What will be the root mean square 
speed if the pressure is doubled, the temperature 
remaining the same? 

(a) v!2 (b) v 

(c) 2 v (d) 4 v 

12. The mass of an oxygen molecule is about 16 times 
that of a hydrogen molecule. At room temperature the 
rms speed of oxygen molecules is v. The rms speed 
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of the hydrogen molecules at the same temperature 
will be 


(a) z?/16 (b) v/4 

(c) 4v (d) 16 v 

13. The average kinetic energy of hydrogen molecules 
at 300 K is E. At the same temperature, the average 
kinetic energy of oxygen molecules will be 

(a) £/16 (b) E/4 

(c) E (d) 4E 

14. Choose the only correct statement from the following: 

(a) the pressure of a gas is equal to the total kinetic 
energy of the molecules in a unit volume of the 
gas. 

(b) the product of pressure and volume of a gas is 
always constant. 

(c) the average kinetic energy of molecules of a gas 
is proportional to its absolute temperature. 

(d) the average kinetic energy of molecules of a gas 
is proportional to the square root of its absolute 
temperature. 

15. If a gas has/degrees of freedom, the ratio C p /C v of 
the gas is 



(b> i+| 


<=> £♦/ 



16. At room temperature (27°C) the rms speed of the 
molecules of a certain diatomic gas is found to be 
1920 ms -1 . The gas is 

(a) H 2 (b) F 2 

(c) 0 2 (d) Cl 2 

17. The temperature of an ideal gas is increased from 
120 K to 480 K. If at 120 K, the root mean square 
speed of the gas molecules is v , then at 480 K it 
will be 

(a) 4 v (b) 2 v 




18. Three closed vessels A , B and C are at the same 
temperature. Vessel A contains only 0 2 , B only N : 
and C a mixture of equal quantities of 0 : and N 2 . If 
the average speed of 0 2 molecules in vessel A is v X9 
that of N 2 molecules in vessel B is v 2 , the average 
speed of 0 2 molecules is vessel C is 


(a) - (v x + v 2 ) 


(b) v x 


(c) >, v 2 (d) 

19. The average translational energy and the rms speed 
of molecules of a sample of oxygen gas at 300 K 
are 6.21 x 10 21 J and 484 ms 1 respectively. The 
corresponding values at 600 K are nearly (assuming 
ideal gas behaviour) 

(a) 12.42 x 10 21 J, 968 ms 1 

(b) 8.78 x 10 21 J, 684 ms' 1 

(c) 6.21 x 10' 21 J, 968 ms' 1 

(d) 12.42 x 10 21 J, 684 ms 1 

20. A vessel contains 1 mole of 0 2 gas (molar mass 
32) at a temperature T. The pressure of the gas is P. 
An identical vessel containing one mole of He gas 
(molar mass 4) at a temperature 27has a pressure of 

(a) £ (b) P 

O 

(c) IP (d) 8 P 

21. A vessel contains a mixture of 1 mole of oxygen 
and two moles of nitrogen at 300 K. The ratio of the 
rotational kinetic energy per 0 2 molecule to that per 
N 2 molecule is 

(a) 1 : 1 (b) 1 : 2 

(c) 2 : 1 

(d) depends on the moment of inertia of the two mol¬ 
ecules. 

22. Two thermally insulated vessels 1 and 2 are filled 
with air at temperature (7,, 7 2 ), volume (V l9 V 2 ) and 
pressure (P {9 P 2 ) respectively. If the valve joining 
the two vessels is opened, the temperature inside the 
vessel at equilibrium will be 

(a) 7, + T 2 (b) (7, + T 2 )/2 

(c) 7, T 2 (/>, F, + P 2 V 2 )/(P X F, T 2 + P 2 V 2 7.) 

(d) 7,7 2 (7,F 1 +P 2 V 2 )/(P\V x T x + P 2 V 2 T 2 ) 

23. Which of the following phenomena gives evidence 
of the molecular structure of matter? 

(a) Brownian movement 

(b) Diffusion 

(c) Evaporation 

(d) All the above 

24. Choose the correct statement. When the temperature 
of a gas is increased 

(a) the kinetic energy of its molecules increases 

(b) the potential energy of its molecules increases 
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(c) the potential energy decreases and the kinetic 
energy increases; the total energy remaining un¬ 
changed 

(d) the potential energy increases and the kinetic 
energy decreases; the total energy remaining un¬ 
changed 

25. If the temperature of a gas is increased from 27°C to 
927°C, the root mean square speed of its molecules 

(a) becomes half (b) becomes doubled 

(c) becomes four times (d) remains unchanged 

26. At what temperature will oxygen molecules have the 
same root mean square speed as hydrogen molecules 
at 200 K? 

(a) 527°C (b) 1327°C 

(c) 2127°C (d) 2927°C 

27. At what temperature would the root mean square 
speed of a gas molecule have twice its value at 
100°C? 

(a) 200°C (b) 273°C 

(c) 1219°C (d) 1492°C 

28. An enclosure of volume V contains a mixture of 
8 g of oxygen, 14 g of nitrogen and 22 g of carbon 
dioxide at absolute temperature T. The pressure 
of the mixture of gases is (R is universal gas constant) 


(a) 

RT 

V 

(b) 

(c) 

5 RT 

4V 

(d) 


3 RT 
2V 

1RT 

5V 


29. At what absolute temperature T is the root mean 
square speed of a hydrogen molecule equal to its 
escape velocity from the surface of the moon? 
The radius of moon is R , g is the acceleration due 
to gravity on moon’s surface, m is the mass of a 
hydrogen molecule and k is the Boltzmann constant 

2 mgR 
k 

2 mgR 


(a) 

mgR 

(b) 

2k 

(c) 

2 mgR 

2k 

(d) 


3k 


30. Two ideal gases at absolute temperatures P, and 7\ 
are mixed. There is no loss of energy in this process. 
If 77, and n 2 are the respective number of molecules 
of the gases, the temperature of the mixture will be 

n 1 T i + n{T 2 
77, + n 2 


(a) 


P\T\ + *hT 2 

77 , + 77 2 


(c) 7j +—T 2 
"i 


(d) T 2 + —T t 
«2 


31. An insulated box containing a diatomic gas of 
molar mass M is moving with a velocity v. The 
box is suddenly stopped. The resulting change in 
temperature is (R is the gas constant) 


(a) 

Mv 1 

2 R 

(b) 

Mv 

3 R 

(c) 

Mv 2 

(d) 

2 Mv 2 

5 R 

5 R 


32. 0.014 kg of nitrogen is enclosed in a vessel at a 
temperature of 27 °C. The amount of heat energy to 
be supplied to the gas to double the rms speed of its 
molecules is approximately equal to 

(a) 6350 J (b) 7350 J 

(c) 8350 J (d) 9350 J 

33. A vessel of volume V contains an ideal gas at absolute 
temperature T and pressure P. The gas is allowed to 
leak till its pressure falls to P'. Assuming that the 
temperature remains constant during leakage, the 
number of moles of the gas that have leaked is 


(a) 

V 

— ( p + p f ) 

(b) 


RT 


(c) 

V 

- (P-P') 

RT 

(d) 


- (P + P') 

2 RT 


V 

2 RT 


(P-P') 




cpz Answers 

V'' 


1(b) 

2. (d) 

5. (c) 

6. (b) 

9. (b) 

10. (a) 

13. (c) 

14. (c) 

17. (b) 

18. (b) 

21. (a) 

22. (c) 

25. (b) 

26. (d) 

29. (d) 

30. (a) 

33. (c) 



3. (c) 

4. (d) 

7. (a) 

8. (d) 

11. (b) 

12. (c) 

15. (d) 

16. (a) 

19. (d) 

20. (c) 

23. (d) 

24. (a) 

27. (c) 

28. (c) 

31- (c) 

32. (d) 



Solutions 


1. The root mean square speed of the molecules of a gas 
is given by 
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where m is the mass of the molecule of the gas, 
T its absolute temperature and k is the Boltzmann’s 
constant. Hence the correct choice is (b). 

2. The correct choice is (d). 

3. The product PV has dimensions of work and is 
expressed in joules (J), n is the number of moles and 
T is expressed in kelvin (K.). Thus, dimensions of 

dimension of PV J „ . 

dimension of (n x T) mol K 
Hence the correct choice is (c). 


4. The rms speed = 


l 2 + 2 2 +3 2 + 4 2 


-|i/2 




Hence the correct choice is (d). 

5. The average kinetic energy of a molecule of a gas at 
absolute temperature T is given by 

E=-kT 

2 

Hence the correct choice is (c). 

6. The root mean square speed of the molecules of a gas 
is given by 


v 


mis 



Hence the correct choice is (b). 

7. The rms speed is the maximum for the gas which is 
the lightest. Hence the correct choice is (a). 

8. The correct choice is (d). 

9. The average kinetic energy of molecule = — kT 

2 

which is independent of the molecular mass. Hence 
the correct choice is (b). 

10. The correct choice is (a). 

11. The rms speed = ^3kT/m which is independent of 
pressure. Hence the correct choice is (b). 

12. v = yj'ikT/m . Therefore, v 0 = yjlkT / m 0 and 
v h = V 3 kT/m h . 


14. The correct choice is (c) 

15. We know that G v = no. of degrees of freedom x molar 
gas constant/2 

or C v = fRI 2. Also C p - C v = R. 

Therefore 


C P R f 2R 2 
— = — + 1 =-+ 1 = —H 


C 


C. 


fR f 


Hence the correct choice is (d). 


16. We know that v rms = 


' 3RT 

M 


which gives 


M = 


3 RT 3x8.3x300 


vL 


(1920)' 


= 2 x 10 -3 kg = 2 g 
Since A/= 2, the gas is hydrogen. 


17. ^ rms = 


13 RT 


0r ^rms 00 


\fr . Hence the correct 


M 

choice is (b). 

18. Fora given M, \ff only. Therefore, the correct 
choice is v ] as the temperatures of vessels A and C 
are the same. 

19. E T and i> rms oc . Hence at 600K, 


E= 6.21 x 10 21 x — 

300 

= 12.42 x 10 21 J 


and v rms = 484 x 


'600 

300 


= 684 ms ' 


which is choice (d). 

20. For a gas, PV = nRT. Hence 

_ (1 mol c)RT 


(P)o 2 = 


an d (^).ie = 


V 

(1 inolc)/?(27) 
V 


= 2 or (P) Hc = 2 (P)q 2 

v /O, 


Thus 

*0 = 


J— = 

1 


v h 

V w o 

V 16 

4 

or 

V,,= 

4v 0 . 




Hence the correct choice is (c). 

13. The correct choice is (c) as explained above. 


21. Since both the gases are diatomic, each has two 
degrees of freedom associated with rotational motion. 
According to the law of equipartition of energy, the 
rotational kinetic energy per degree of freedom is 
(l/2)*7\ Since the temperatures of the two gases are 
equal, their rotational kinetic energies will be equal. 
Hence the correct choice is (a). 
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22. According to the kinetic theory, the average kinetic 

3 

energy (KE) per molecule of a gas = — kT. Let n x 

and n 2 be the number of moles of air in vessels 1 and 
2 respectively. 

Before mixing, the total KE of molecules in the two 
vessels is 


E \ = |»i*7’i+ | n 2 kT 2 


= -k(nJ x + n 2 T 2 ) 

After mixing, the total KE of molecules is 


E 2 = - («i + 'h) kT 

where T is the temperature when equilibrium 
is established. Since there is no loss of energy 
(because the vessels are insulated), E 2 = E x or 

3 3 

- (/7, + n 2 )kT= — k(n x T x + n 2 T 2 ) 


or 


T= n x T x + n 2 T 2 
(», + n 2 ) 


( 1 ) 


Now P x V x = n x RT x and P 2 V 2 = n 2 RT 2 which give 


For hydrogen: 



The value of u rms will be the same if 

1 JL= Ll 
m 0 m h 


/M 

or r 0 =-^x7' / ,= 16x200 

m h 


= 3200 K. = 2927°C 
Hence the correct choice is (d). 

27. Use i? nils T. The correct choice is (c). 

28. The pressure exerted by a gas is given by 

P = 

v 


mass 

molecular weight 
Pressure exerted by oxygen P x = 


Pressure exerted by oxygen P 2 ~ 


RT 


X - 



V 

8 

RT 

32 

V 

14 

RT 

28 

V 


1 RT 

4 7" 

1 RT 

27 


n 



Ml 

RT X 


and n 2 = 


Ml 

RT 2 


Using these in Eq. (1) and simplifying, we get 


r= TJ 2 {P\V X + P 2 V 2 ) 

(TO + W.) 

23. The correct choice is (d) 

24. The correct choice is (a). 

25. The root mean square speed is given by 


„ = 3 1L 

l/ rms \ 

\ m 


i.e. z? rms T. Initial temperature T x = 27 + 273 = 
300 K. Final temperature T 2 = 927 + 273 = 1200 K. 
Since temperature is increased by 4 times, the speed 
is doubled. Hence the correct choice is (b). 

26. For oxygen: 


v 


rms 



Pressure exerted by carbon dioxide 
P = 22 RT - 1 RT 
3 44 V ~2 V 

From Dalton’s law of partial pressures, the total 
pressure exerted by the mixture is given by 


1 RT 1 RT 

-1-h 

4 V 2 V 


1 RT 

27 


5 RT 
4V 9 


which is choice (c). 


29. The root mean square speed is given by 

Ekf 

*>rms= - 

m 

The escape velocity is given by v e = yjlgR 
For v rms = v e , we require 



2 mg R 

77 


, which is choice (d). 
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30. Average kinetic energy per molecule of a perfect 
gas = ^ AT. 

Average KE of molecules of the first gas 


= — n , AT, 

2 ' 1 

Average KE of molecules of the second gas 

= — /?-> AT 

2 2 2 

Total KE of the molecules of the two gases before 
they are mixed is 


K= | n \ kT \ + | n 2 kT 2 


- 2 ^1 + n 2 T2) k 


( 1 ) 


If T is the temperature of the mixture, the kinetic 
energy of the molecules (/ 7 , + n 2 ) in the mixture is 


K'= -( n\+n 2 )kT 


( 2 ) 


Since there is no loss of energy K = K\ Equating (1) 
and (2) we get 


n I T, + th T 2 = (/7, + n~>) Tox T = 


_ «,7j + n 2 T 2 


n } + n 2 


Hence the correct choice is (a). 

31. Let n be the number of moles of the gas in the box. 

The kinetic energy of the gas = Mv~ j. When 

the box is suddenly stopped, this energy is used up 
in changing the internal energy, as a result of which 
the temperature of the gas rises. The change in 
internal energy is given by 

AU=nC„AT 


For a diatomic gas C v = — R . 

Hence n x — x AT = n x — Mv 2 

2 2 


or 


AT = 


Mir 

~Jr 


, which is choice (c) 


32. The root mean square speed is related to absolute 
temperature T as 


c rms 


(3 AT 


m 


For a given gas, m is fixed. Therefore, c rms ©c Jr . 
Hence in order to double the root mean square 
speed, the absolute temperature must be increased 
to four times the initial value. Initial temperature 
T, = 273 + 27 = 300 K. Therefore, final temperature 
7\ = 4 T, = 1200 K. 

Since the volume of the vessel is fixed, AV = 0. 
Hence the heat energy supplied to the gas does no 
work on the gas; it only increases the internal energy 
of the molecules. 

The increase in internal energy is 


AU = n C v AT 


5 R 


Since nitrogen is diatomic C v = —. The number of 

moles of nitrogen in the vessel is 

mass in kg 0.014 x 10 3 
n = -=-= 0.5 


molecular mass 


5 R 


28 


A U= 0.5 x — x (1200-300) 


0.5x5x8.314x900 


= 9353 J. 


So the correct choice is (d) 


PV 


33. Number of moles present initially is n = L et 

n' be the number of moles of the gas that leaked till 
the pressure falls to PL Since volume V of the vessel 
cannot change and temperature T remains constant 
during leakage, we have 

, P’V 

n = - 

RT 

Number of moles that leaked is 

PV P'V V 

An= n-n'= -=- (P- P') 

RT RT RT 

So the correct choice is (c). 
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■ 2J 

SECTION 


Multiple Choice Questions Based on Passage 


Questions 1 to 4 are based on the following passage. 

Passage I 


Kinetic Theory of Gases 

The molecules of a gas move in all directions with various 
speeds. The speeds of the molecules of a gas increase 
with rise in temperature. During its random motion, a fast 
molecule often strikes against the walls of the container of 
the gas. The collisions are assumed to he perfectly elastic, 

i.c. the molecule bounces back with the same speed with 
which it strikes the wall. Since the number of molecules 
is very large, billions of molecules strike against the walls 
of the container every second. These molecules exert a 
sizeable force on the wall. The force exerted per unit area 
is the pressure exerted by the gas on the walls. According 
to the kinetic theory, the pressure of a gas of density p at 
absolute temperature T is given by 



1 

3 ^ 


2 

rm s 


where v x m s is the root mean square speed of the gas 
molecule and is given by 


^rms 


'3/vT 


V m 

where m is the mass of a molecule and k is Boltzmann 
constant. 


1. From the relation v rms 



it follows that the 


3. If the temperature of a gas is increased from 27°C to 

927°C, the root mean square speed of its molecules 

(a) becomes half (b) becomes doubled 

(c) becomes four times (d) remains unchanged 

4. The root mean square speed of oxygen gas molecule 
at T = 320 K is very nearly equal to (the molar mass 
of oxygen is M= 0.0320 kg per mole and gas constant 
R = 8.31 J mol' 1 AT 1 ) 

(a) 300 ms -1 (b) 500 ms” 1 

(c) 700 ms” 1 (d) 900 ms” 1 

Solutions 

1. Squaring we have 

k _ mv ms _ unit of energy 
37 ' unit of temperature 

= joule per kclvin 

2. The correct choice is (c) 

3. The correct choice is (b) since r rms is proportional to 
the square root of absolute temperature 

3AT _ I 3RT = 1 3x8.31x320 
m V M V 0.032 

= 499.3 ms” 1 

Hence the correct choice is (b) 




constant h should be expressed in units of 

(a) newton per metre per kelvin 

(b) newton per kelvin 

(c) joule per kelvin 

(d) joule per kilogram per kelvin 

2. Choose the only correct statement from the following. 

(a) The pressure of a gas is equal to the total kinetic 
energy of its molecules per unit volume of the 
gas. 

(b) The product of pressure and volume of a gas is 
always constant. 

(c) The average kinetic energy of the molecules of a 
gas is proportional to its absolute temperature. 

(d) The root mean square speed of a molecule is 
proportional to the absolute temperature of the 
gas. 


Questions 5 to 7 are based on the following passage. 

Passage II 

Van (ler Waals Equation of State 

The equation of state PV= nRT holds for an ideal gas. The 
behaviour of real gases shows departures from an ideal 
gas behaviour especially at high pressures. The model of 
an ideal gas is based on a number of assumptions. Van der 
Waals modified the ideal gas equation PV = nRT by taking 
into account two of those assumptions which may not be 
valid. He argued that (i) the volume of the molecules may 
not be negligible compared to the volume V occupied by 
the gas and (ii) the attractive forces between the molecules 
may not be negligible. He said that pressure P in equation 
PV = nRT is less than the true pressure by an amount 
p because of attractive forces between the molecules. 
According to him, the pressure "defect' p is inversely 
proportional to the square of volume, i.e. 


Copyrighted material 




Kinetic Theory of Gases 9.11 


or 



a 



where a is constant depending on the nature of the gas. 


a 

Thus the true pressure of the gas is P' = P + p = P + . 

He further argued that V is not the true volume of the gas 
because the molecules themselves occupy a finite volume. 
According to him, the true volume of the gas is V f = (V- b) 
where b is a factor depending on the actual volume of the 
molecules themselves. Thus Van der Waals’ equation for 
real gases is P' V = nRT, i.e. 

\P +- b) = nRT 

At high pressures, when the molecules are too many and 
too close together, the correction factors a and b become 
important. 

5. The dimensional formula for ab is 

(a) ML 2 T“ 2 (b) ML 4 T' 2 

(c) ML 6 T 2 (d) ML 8 T 2 

6. The correction factors a and b depend upon 

(a) the pressure of the gas 

(b) the volume of the gas 

(c) the temperature of the gas 

(d) the nature of the gas 

7. The equation of state PV= nRT holds if the gas has 

(a) low pressure and low density 

(b) low pressure and high density 

(c) high pressure and low density 

(d) high pressure and high density. 



Solutions 


5. Dimensions of 

ab = dimensions of PV~ x dimensions of V 
= dimensions of ( PV 3 ) 

= ML _ 1 r 2 x (L 3 ) 3 = ML 8 T 2 
Hence the correct choice is (d). 

6. The correct choice is (d). 

7. The correct choice is (a). 


Questions 8 and 9 are based on the following passage. 

Passage III 

Mean Free Path 

During their random motion, the molecules of a gas often 
come close to each other. When the distance between two 


molecules is comparable with the diameter of a molecule, 
the forces between them become very strong. As a result, 
their individual momenta before and after the encounter arc 
different. When this happens a ‘collision' is said to have 
occurred. The average distance a molecule travels before it 
suffers a collision with another molecule is called the mean 
free path (/,.), which can be estimated as follows. Suppose 
the average speed of a molecule of diameter d is v. In one 
second, this molecule sweeps out a volume nd~v. If it finds 
any other molecules in this volume, it will suffer collisions 
with them. If n is the number density (i.e. number per unit 
volume) of the molecules, then the number of molecules in 
this volume = nervn. The number of collisions per second 
= v c = Ttcrvn. Therefore, the average time between two 
collisions (called collision period T c ) is 

_ J_ _ 1 

v c nd 2 vn 

Hence the mean free path (i.e. the average distance the 
molecule travels between two successive collisions) is 

lc = vT = - 2 - 
nd n 

For air at S.T.P. the value of I c — 3 x 10 m. 

8. The mean free path of a molecule of a gas depends 

(a) only on its diameter (</) 

(b) only on the number density (n) of the molecules 

(c) on both d and n 

(d) neither on d nor on n. 


9. The average collision period in a gas 

(a) increases if the pressure is increased 

(b) decreases if the pressure is increased 

(c) increases if the temperature of the gas is 
increased. 

(d) decreases if the temperature of the gas is 
increased. 



Solutions 


8. The mean free path is given by 

1 

/ = —=- 
Jld~n 

Hence the correct choice is (c). 

9. The collision period is given by 

Tc= nd 2 vn 

If the pressure is increased, the volume of the gas 
decreases. Hence number density n increases. 
Therefore, T c will decrease. If the temperature of the 
gas is increased, the average speed vof the molecules 
increases. Hence T c will decrease. Thus the correct 
choices are (b) and (d). 
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3 Previous Years' Questions from AIEEE, IIT-JEE, 
JEE (Main) and JEE (Advanced) 

SECTION (yyjfh Complete Solutions) 


1. Cooking gas containers are kept in a lorry moving 
with uniform speed. The temperature of the gas 
molecules inside the container 

(a) increases. 

(b) decreases. 

(c) remains the same. 

(d) decreases for some, while increases for others. 

| 2002 ] 

2. At what temperature is the rms velocity of a hydrogen 
molecule equal to that of an oxygen molecule at 
47°C? 

(a) 80 K (b) -73 K 

(c) 3 K (d) 20 K [2002] 

3. A vessel contains 1 mol of 0 2 gas (molar mass 32) 
at a temperature T. The pressure of the gas is P. An 
identical vessel containing 1 mol of He gas (molar 
mass 4) at temperature 2Thas pressure of 

(a) PI 8 (b) 2 P 

(c) P (c) 8 P |2002| 

4. One kilogram of diatomic gas is at a pressure of 

8* 10 4 N/m 2 . The density of the gas in 4 kg/m 3 . What 
is the energy of the gas due to its thermal motion? 
(a)3xl0 4 J (b) 5 x 10 4 J 

(c) 6 x 10 4 J (d) 7 x 10 4 J |20091 

5. Three perfect gases at absolute temperatures T h T 2 

and r 3 are mixed. The masses of molecules arc m u 
nu and m 3 and the number of molecules are n } , n 2 , « 3 , 
respectively. Assuming no loss of energy, the final 
temperature of the mixture is 

(7j+r 2 + r 3 ) 

3 

n \T\ + n 2 T 2 +n 3 T 3 
n l +n 2 + « 3 

n x T\ + n 2 T 2 + n 3 T{ 
n ] T\+n 2 T 2 + n 3 T 3 


(a) 

(b) 

(c) 


"\ T \~ +n i T i +n l T i 

nj\ + n 2 T 2 +n 3 T 3 


[ 2011 ] 


6. A thermally insulated vessel contains an ideal gas 
of molecular mass M and ratio of specific heats y It 
is moving with speed v and is suddenly brought to 


rest. Assuming no heat is lost to the surroundings, its 
temperature increases by 


(a) 


(Y Mv 2 K 


2(y +1 )R 


yMv 2 

(c) --K 

2 R 


(b) ^—^Mv 2 K 
2 Y 

(d) ^-^-Mv 2 K 


2 R 


| 2011 | 


7. Two non- reactive monoatomic ideal gases have their 
atomic masses in the ratio 2 : 3. The ratio of their 
partial pressures, when enclosed in a vessel kept 
at a constant temperature, is 4:3. The ratio of their 
densities is : 


(a) 1 : 4 

(b) 1:2 


(c) 6:9 

(d) 8:9 

|2013| 

r Aj. 



Answers 

V'' 



1 ■ (c) 2. (d) 

3. (b) 

4. (b) 

5. (b) 6. (d) 

7. (d) 



T'/~4 Solutions 


1. The speed of the centre of mass of gas molecules in 
a container has no effect on the temperature of the 
gas molecules. 


2. v r ,» = 


rms 


f 3 RT 
M 


It is given that v ms is the same for both gases. Since 
R is a constant, it follows that 


v c< - 

^ rms 



Thus 


T 

— = constant 
M 


T 

2 


273 + 47 
32 


T= 20 K 


3. PV = nRT. Therefore 

P [ V=n ] RT l and P 2 V= n 2 RT 2 
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mass 

4. Volume V = - 

density 

1kg 1 3 

= — ;-it = -nr 

4kgm 4 

Energy of the gas due to thermal motion is 
U = yPV 

= - x (8 xJO 4 ) X I =5 X 10 4 J 

2 v 4 


5. Let r, < T 2 < T y If T is the final temperature of the 
mixture, we have 

n x c(T- 7,) - n 2 c (T- T 2 ) = n 3 c (T 3 - T) 

^ T= n \T\ + n i T i + 

n ] +n 2 + « 3 


7. From energy conservation, 


— Mv 2 = n x C. x AT 
2 


V 


1 2 R 

-Mir = i x -- 

2 7-1 


x AT 


AT = kelvin 

2 R 


7. PV= n RT 


PM 


= n RT => /W = n p RT 


Since /? and T arc constant, then for given n 
PM 

- = constant 


or 


Pi 

Pi 


PiMi 

Pi 


Pi 


( n \ 


v *2 7 


X 


A/j 

V A^ 


4 2 _ 8 

~ 3 3 9 
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OSCILLATIONS AND 
WAVES 


Chapter 



REVIEW OF BASIC CONCEPTS 



PART 

(A) 

Simple Harmonic 
Motion (SHM) 

1. What is Simple Harmonic Motion? 

Simple harmonic motion (SHM) is the simplest kind of 
oscillatory motion in which a body, displaced from its 
stable equilibrium position, oscillates to and fro about the 
position when released. If the displacement (x) from the 
equilibrium position is small, the restoring force (F) acting 
on the body is given by 

F = — k x 

where k is a positive constant, known as the force constant. 
In the SI system k is expressed in newton per metre 
(N m '). The acceleration (a) of the body is given by 

F k 

a = — =- x = - (0 x 

m m 

where m is the mass of the body and co = 

Thus acceleration (< a ) = - constant x displacement x. 
The resulting motion is called simple harmonic motion. 
Thus, a simple harmonic motion is a motion in which the 
acceleration (i) is proportional to the displacement from 
the equilibrium position and (ii) is directed towards the 
equilibriurn position. 



2. Characteristics of SHM 


The displacement x in SHM at time / is given by 

x = A sin (cot + 0) 

where the three constants/!, to and 0 characterize the SHM. 
i.e., they distinguish one SHM from another. A SHM can 
also be described by a cosine function as 

x = A cos (to t + 5) 


We will use the sine function. A cosine function is 
equally valid. 


(1) Amplitude The amplitude of SHM is the maximum 
(positive or negative) value of the displacement 
from the equilibrium position. Quantity A (which is 
the coefficient of the sine or cosine function) is the 
amplitude of SHM. 

(2) Time period The smallest time interval during which 
the motion repeats itself is called time period or 
simply period of SHM. The angular frequency co is 
related to time period T as 

In 
co = — 

T 


Frequency v of SHM is the number of complete 
oscillations completed in 1 second. 


Thus, 


v 1 co 


T In 


2n 

or co = — =2 nv 
T 


Since 


co = J— , we have 
V m 
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1 _ _l /y 

T ~ 2 7l\m 


Angular frequency co is the coefficient of time t in the 
sine or cosine function. 

(3) Phase The quantity (cot + (p) is called the phase of 
SHM at time t; it describes the state of motion at 
that instant. The quantity & is the phase at time t = 0 
and is called the phase constant or initial phase or 
epoch of the SHM. The phase constant is the time- 
independent term in the cosine or sine function. 


3. Velocity and Acceleration in SHM 

The velocity V or the particle in SHM is given by 

d x 

V = — = A co cos (co t + (p) 
dt 


But sin (cot + 0) = — 

A 


/ 


COS (CO t + (p) = 


.2 \ 


1/2 


Hence velocity V = A co 


.2 \ 


1- 


1/2 


= co{A 2 -x 2 ) m 


The acceleration a of the particle in SHM is given by 

d 2 x a 2 • , .v 2 
a = —— = ~ 4 (0 sin (co t + (p) = — (0 x 


dr 


Notice that, when the displacement is maximum, i.e., 
when .v = \A\ 9 the velocity is zero but the acceleration is 
maximum = \co~ A . But when the displacement is zero (x 
= 0), the velocity is maximum = \ coA \ and the acceleration 
is zero. 


4. Energy in SHM 

At any instant of time /, the kinetic energy of the oscillator 
is given by 

K.E. = -mV 2 = -mA 2 co 2 cos 2 (cot+ <p) 

2 2 

At any displacement x from the equilibrium position, 

K.E. = — met) 2 (A 2 — x 2 ) 

2 


because cos~ (cot + (p) =1 - sin (cot + (p) = 1 


X 


i2 * 


At that instant f, the potential energy of the oscillator is 
given by 

P.E. = - kx 2 = - mar A 2 sin“ (cot + tp) 

2 2 


because k = mar and x = A sin (cot + (p). In terms of 
displacement x, 

„ „ 1 . i 1 ? ? 

P.E. = — kx~ = — mcorx 
2 2 

Total energy of the oscillator is 
E = K.E. + P.E. 

=— mA 2 co 2 [cos 2 (cot + <p) + sin ~(cot + 0)] 

*2 2 
= — mA co 

2 

E is also obtained as follows: 


E = K.E. + P.E. = ~m( 0 2 (A 2 -x 2 ) + - nuo 2 x 2 ) 

2 2 

= — mA co 
2 

Thus, although the kinetic energy and potential energy 
of a simple harmonic oscillator both change with time 
/ and displacement .x, the total energy is independent of 
both x and t and hence remains constant. This is expected 
because friction has been neglected. 







1. Atthe mean position, x=0, K.E. ismaximum= 

— mA 2 af and P.E. = 0 

Note 2 

2. At the extreme position, x = ± A, K.E. = 0 and P.E. 

1 ,2 2 
is maximum = — mA co . 

2 

1 2 - 

3. E is constant = — mA co tor all values ot x. 

2 






Figure 10.1 shows the variation K.E., P.E. and E with / for 
the case (p = 0. 



Fig. 10.1 


The energy of an oscillator may decrease with time not 
only by friction (damping) but also due to radiation. The 
oscllating body imparts periodic motion to the particles of 
the medium in which it oscillates, thus producing waves. 
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For example, a tuning fork or a string produces sound 
waves in the medium which results in a decrease in energy. 
© EXAMPLE 1 The displacement x of a body varies 
with time t as 

x = a sin (cl) + b cos (ct) 
where a , b and c are constants. 

(a) Show that the motion of the body is simple harmonic. 

(b) Find the amplitude A , time period T and phase con¬ 
stant 0 of the motion in terms a, b and c. 

© SOLUTION 

(a) Given „v = a sin (c7) + b cos (ct) (i) 

Differentiating (i) w.r.t. time /, we get velocity 

dx 

V = — = ac cos (ct) - be sin (ct) 
dt 

The acceleration is given by 

a = —— =— [tfCCOs(c/)-/?csin(c/)l 

dt dt 

= - c [a sin (ct) + b cos (ct)] 

=> a = - c 2 x [use Eq. (i)] 

Since a (-v), the motion is simple harmonic. 

(b) Since the motion is simple harmonic; 

x = A sin (cot + 0) 

= A [sin (cot) cos0 - cos (cot) sin 0] 

x = (A cos 0) sin (cot) 

+ (A sin 0) cos(cot) (ii) 

Comparing (i) and (ii), we get 

A cos 0 = a (iii) 


and 


A sin 0 = b 
co = c 


(iv) 


2n 


= c => — = c => T- 


2k 


T c 

Squaring and adding (iii) and (iv), we get 


A ~ Ja 2 +b 2 

Dividing (iv) by (iii) we get 


u 

tan 0 = — => 0 = tan 
a 


( b\ 
\a) 


EXAMPLE 2 Which of the following functions of 
time represent (a) simple harmonic, (b) periodic but not 
simple harmonic, and (c) non-periodic motion? Find the 
period for each periodic motion. Here k is a positive real 
constant. 

(i) sin kt + cos kt> (ii) sin /rr+ 2cos 2m + 3 sin 3 Kt, 


K 


(iii) cos|2A:f + yl, (iv) cos kt + 2 sin“A/, (v) e kl and 
(vi) log kt. 


SOLUTION 

(i) sin kt + cos kt represents simple harmonic motion 

/ TT \ 


since we can write it as 


V2 


sin 


i 71 

kt H— 

4 ) 


or 


yfl COS^A'/ 


. The coefficient of t in the argument 


. 2k 

ol the sine or cosine function = —, where T is the 

T 

period. Hence k = ~ ox T = i.e. the period of 


the function is 


2k 


(ii) Each term in (sin Kt + 2cos 2 Kt + 3sin 3 Kt) represents 
SUM. 


The period T of the term sin Kt is given by k = 


2k 


or T = 2s. The period of the term 2 cos 2m is 1 s, 
i.e. 772 and the period of the term 3 sin 3 Kt is 2/3 s, 
i.e. 773. The sum of the three terms, however, does 
not represent SHM; it represents a periodic motion. 
By the time the first term completes one cycle, the 
second term completes two cycles and the third term 
completes three cycles. This shows that the sum 
represents a periodic motion with period T = 2s. 


(iii) cos 


K 


2 kt + - 
2) 


represents an SHM whose period T is 


given by 


2k = 


2k 


or 


T = - 
k 


(iv) cos kt + 2 sin 2 A/ = cos kt + (1 - cos2A/) = 

1 + cos kt - cos 2 kt. The period of cos kt is T = 

2 K . . « _ . K T . 

— and that of cos 2kt is — = — . These two terms 
A k 2 

ry ^ 

together have a period T = — as explained in (ii). 

k 

The other term 1 is a constant independent of t and 
hence does not affect the period of the sum. Hence 
(cos kt + 2sin 2 kt) represents a periodic motion with 

period T= 

(v) e kr decreases monotonically to zero as t «>. It is 
an exponential function with a negative exponent of 
e, where e — 2.71828. It is non-periodic. 
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(vi) Function log (kt) increases monotonically with time. 
Therefore, it never repeats itself and is a non-periodic 
function. 

0 EXAMPLE 3 An oscillator has a time period T = 
4s. If it is oscillating harmonically, find the time period of 
its kinetic energy. 

Q SOLUTION The kinetic energy of a simple har- 
monic oscillator varies with time as cos~(ft)/), where co = 
2n 


(c) Maximum velocity F max = | Aco 


= 2 x 0.5/r = ^cms 1 
= 3.14 cm s 1 

(d) Maximum acceleration a max = | - co A \ 

= co 2 A 

= (0.5tt) 2 x 2 


cm s 


7 1 1 

Now cos" (cot) = — (1 + cos 2 cot) = - (1 + cos co /), 

2 2 

, , ~ 2n _ 2n T 

where co = 2 to => — = 2 x — => T = —. 

r T 2 


Hence K.E. varies periodically with period —. 


Note 


The P.B. also varies periodically with period — . 


= 4.935 cm s 1 

0 EXAMPLE 5 A particle executes SHM of 
amplitude 25 cm and time period 3s. What is the minimum 
time required for the particle to move between two points 
located at 12.5 cm on either side of the mean position? 

0 SOLUTION Let A and B be the two extreme posi¬ 
tions of the particle with O as the mean position. Displace¬ 
ments to the right of O are taken as positive while those to 
the left of O are taken as negative (Fig. 10.2) 


-25 cm -12.5 cm 


Zero 


-12.5cm + 25 cm 



0 EXAMPLE 4 The displacement x (in centimetres) 
of an oscillating particle varies with time t (in seconds) 
according to the equation 


x = 2 cos 0.5717 + — 
l 3 


Find 


(a) the amplitude of oscillation 

(b) the time period of oscillation 

(c) the maximum velocity of the particle 

(d) the maximum acceleration of the particle. 

0 SOLUTION The displacement of the particle is 
given by 


x =2 cos^0.57Z7 + yJcm 

To find the amplitude and time period of the oscillation, 
we compare this equation with 

x = A cos {cot - 5) 

(a) Amplitude A = 2 cm 

(b) Angular frequency co = 0.5/r rad s 1 

t 2n 2n . 

or T = — = - = 4s 

CO 0.5 7T 


Fig. 10.2 

Let the displacement of the particle in SHM be given by 
x(t) = A sin (cot + 0) (i) 


where 


, 2n 2n 

A =25 cm and co= — = — rads 

T 3 


Let us suppose that at time t = 0, the particle is at extreme 
position B. Setting x = A and / = 0 in Eq. (i) we have 

A = A sin 0 

giving 0 = n!2. 

Putting 0 = n(2 in Eq. (i), we get 

*(/) = A cos cot (ii) 

Now let us say that the particle reaches point C at t = /, 
and point D at / = t 2 . At C, the displacement x (/,) = + 12.5 
cm and at Z), it is .v(/ 2 ) = — 12.5 cm (see Fig. 10.2). So from 
(ii) we have 

+ 12.5 = 25 cos cot, 


and 


- 12.5 = 25 cos cot 2 


and 


cos cot j = + 0.5 or cot x = n/2> 


cos cot-, = - 0.5 or cot 9 = — 

" 3 


.. / x 2 n n n 

Hence coit-, - /,) =-= — 

3 3 3 
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h l \ 


K 

3 co 


T_ 

6 


co¬ 


in 


or ('2 ~ = 7 = 0.5 s 

6 


4 n 


Notice that cos cot? = - 0.5 even for t ? = —. This value 

of t 2 does not correspond to the minimum time because this 
is the time at which the particle, moving to left, reaches A 
and then returns to D. 

0 EXAMPLE 6 A horizontal platform is executing 
SUM in the vertical direction with an amplitude of 1.0 m. 
A block of mass 5 kg is placed on the platform. What is the 
maximum frequency of platform's SHM so that the block 
is not detatched from the platform? 

0 SOLUTION The block will not be detatched from 
the platform, if the frequency of platform’s SUM is such 
that the maximum acceleration of the platform equals the 
acceleration due to gravity, i.e. 


A co' 


max 


8 


co.» nv = = 


'max 



^max 


_ ^tnax _ 



In 2x3.14 


= 3.13 rad s 


= 0.5 Hz. 


(Q EXAMPLE 7 A body of mass m is attached by a 
string to a suspended spring of spring constant k. Both the 
string and the spring have negligible mass. The body is 
pulled down a distance A and released. Assuming that the 
string remains taut throughout the motion, find 


(a) the maximum downward acceleration of the 
oscillating body and 

(b) the maximum amplitude for which the string remains 
taut. 

3 SOLUTION 

(a) As long as the string remains taut, the restoring force 
will be proportional to displacement from the mean 
position. The motion of the body is simple harmonic 
whose amplitude is A and angular frequency is 

co = 

The maximum acceleration is or A = — 

m 

(b) If the tension in the string is T, the downward 
acceleration is 

T 

a = g - 

m 

For the string to remain taut T > 0. Therefore, the 
maximum downward acceleration cannot exceed g, 
i.e. 



a 


or A 


max 


max 


max 


= 8 
= 8 

_ 8 _ mg 

co 2 k 



5. Expressions for Time Period of Mass-Spring 
System 

(1) Horizontal Oscillations of a Mass-Spring System 

Consider a block of mass m placed on a horizontal 
frictionless surface and attached to a spring of negligible 
mass and spring constant k as shown in Fig. 10.3. 


Relaxed 




Fig. 10.3 


The block is pulled to the right by a small distance x 
from the equilibrium position and released. The restoring 
force on the block is F = - kx. The acceleration of the block 
is 


a 




Since a ©c (-*), the motion of the block is simple 
harmonic. Comparing Eq. (i) with a = - Cirx, we get 



Time period T = 



(2) Vertical Oscillations of a Mass-spring System 
Consider a massless spring suspended from a support. 
[Fig. 10.4 (a)]. A block of mass m is attached at the lower 
end, as a result, the string extends by an amount cl given 
by [Fig. 10.4(b)]. 

F -kd => mg = kd (i) 

This is the equilibrium state of the system. 
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Fig. 10.4 


When the body is pulled through a distance y from this 
position and released [Fig. 10.4 (c)], the restoring force is 

F = - ky and the acceleration of the block is 

✓ 


F_ 

m 


(-) 
v m 


y 


Hence the motion is simple harmonic whose time period 


is 




Equation (i) determines k . Time period given by Eq. (ii) 
is the same as for horizontal oscillation. It depends only on 
m and k and is independent of gravity. 

(3) Parallel Combination of Springs 

Figure 10.5 shows the equilibrium state of a block 
connected to two springs which are joined in parallel. If the 
block is pulled down through a distance x, the extension 
produced in each spring will be x. The restoring forces in 
the springs are F x = - k x x and F 2 — — k 2 x. 



Total restoring force F= F x + F 2 = - (Aj + k 2 )x = - (k p ) x 
where k p = Aj + k 2 is the effective force constant of the 
parallel combination. The time period is given by 


m ^ / m 

— = 2/rJ 

kp \ (ky +k 2 ) 


(4) Series Combination of Springs 


Figure 10.6 shows the equilibrium state of a block 
connected to two springs which are joined in series. The 
block is pulled down by a distance x. Let x, and x 2 be the 
extensions produced in the springs. The restoring force in 
each spring will be the same equal to 


so that 


F = - k x x x = - k 2 x 2 


x \ 



and x 2 = 



Total extension x = x x + x 2 = - F 


Ul ^2 J 



( A', + As > 
y k x k 2 j 



Fig. 10.6 


or 



( k x k 2 ^ 

V*i + k l) 



where A.. = 


A", + A ? 


is the effective force constant of the 


series combination. The time period is 


T = 2n 



m(k x +k 2 ) 

V k x k 2 


(5) A Block Connected between Two Springs 

Figure 10.7 shows the equilibrium state of a block 
connected between two springs 



If the block is displaced through a distance x, say to 
the right, the spring A:, is extended by x and spring k 2 is 
compressed by x so that the restoring force exerted by each 
spring on the block is in the same direction (along the left). 
If F x and F 2 are the restoring forces, F x = - A,x and F 2 = 
- k 2 x, the total restoring force is 

F = - (k x + A 2 )x = - Ax 

where A = (A, + As) is the effective force constant of the 
system. The time period is 


T 



= 2 K 


/ m 

V(*.+* 2 ) 
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EXAMPLE 8 If a spring of force constant k is cut 
into two equal halves, what is the force constant of each 
half. 

© SOLUTION If a force F produces an extension x 
in the spring, then 

F = kx (i) 

Since the extension produced by a force is proportional 
to the length of the spring, if a spring is cut into two equal 
halves, the same force F will produce an extension x = 
x/2 in half the spring. If k' is the force constant of half the 
spring. 


F = k' x ' = k' 


f-1 

<2j 


(ii) 


From Eqs. (i) and (ii), we get k' = 2k. 

EXAMPLE 9 Two blocks, of masses m } and m 2 , 
arc connected by a spring of force constant k and placed 
on a horizontal frictionless surface as shown in Fig. 10.8. 
Equal force F'is applied to each block as shown. Find time 
period of the system when the force is removed. 

m 2 


m 



SOLUTION When force F is removed, no external 
force acts on the system which consists of two blocks and a 
spring. Hence the centre of mass of the system will remain 
at rest. The mean position of m x and m 2 is the position of 
the centre of mass of the system when the spring acquires 
its natural (unstretched) length. 

Let m j move to the right by x { and m 2 move to the left 
by x 2 . If x 0 is the length of the unstretched spring, then 

*l+*2 = *0 (0 

It is clear that x, and x 2 will be the amplitudes of m x and 
m 2 respectively. Since the system does not rotate and the 
centre of mass must not change during the oscillation, the 
condition 

"l\X\ = '"2*2 (i') 

must be satisfied so that no net torque acts on the system. 
From (i) and (ii) we get 


and 


*1 = 


*2 


m 2 *o 
/;?, + m 2 


ni\ x 0 


(iii) 


(iv) 


m x + m 2 

Hence, when the motion begins, the mass /??, is at a distance 
x, given by (iii) away from its mean position. The force 
exerted by the spring at this position is 

F= kx* 


From (iii). 


Xn = 


/ m { + m 2 N 




m 


) 


F = k 


( /w, + nu x 




m 


) 


The restoring force acting on m x is 

( 

F = -F = -k 


/ m x + m 2 x 


/. Acceleration of m x is 


m 


'i 


a = - or x 


\ »h ) 


( , \ 
1 Wj + m 2 

K m \ m 2 ; 


where 


(0= Ak 


f m x + m 2 N 


V m \ m 2 J 

Since a -x,, the motion of the system is simple harmonic. 
The time period is 

2 n 


T = 


(o ]J k(tn x + m 2 ) 


ni\ nu 


m 


In the special case when m { = m 2 = 

T= 2 71. 

2k 

EXAMPLE 10 One end of a spring of spring 
constant k is attached to a block of mass m with the other 
end fixed to the ceiling of a stationary elevator. The block is 
executing vertical simple harmonic motion of time period 
T. Suddenly the cable breaks and the elevator begins to fall 
freely under gravity. Then 

(a) the block comes to a stop 

(b) the block continutes of execute simple harmonic 
motion of time period greater than T 

(c) the blocks begins to execute periodic but not simple 
harmonic motion 

(d) the block executes simple harmonic motion of 
amplitude mg/h. 

© SOLUTION I he weight mg of the block stretches 
the string by an amount x given by 
mg = kx 
mg 


x = 


k 


This position is the extreme position and the unstretched 
is in equilibrium. Now 



is independent of g. When the cable breaks the elevator 
falls freely with acceleration g. Since T is independent 
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of g, the motion of block remains simple harmonic, with 
maximum displacement from mean position = .v. Hence 
the amplitude of motion is x = mg/k. So the correct choice 
is (d). 

EXAMPLE 11 Figure 10.9 shows a block of mass 
m = 2.5 kg moving towards a spring of spring constant k = 
10 Nm 1 with a constant velocity u = 1 ms \ A and B are 
two rigid vertical walls. The block starts moving from A 
and strikes the end C of the spring at a distance x = 50 cm. 
If the collision between the block and wall A is perfectly 
elastic, the time period T (in seconds) of the motion of the 
block will be 


± + l 
2 


\ 


(a) 

(c) (2;r+ 1) 
A 


m 


(b) (7T+ 1) 
(d) 2k 

B 



Fig. 10.9 

SOLUTION The block moving with kinetic energy 

2 


—mu strikes the spring and compresses it until all the 

kinetic energy is converted into potential energy of the 
spring. Then the block moves to the left as spring begins 
to regain its original length BC. At this instant the block 
loses contact with the spring and begins to move towards 
wall A with velocity u. The time /, taken by the block to 
strike C and lose contact at C = half the time period of 
oscillation, i.e. 



'2.5 k 

= KJ — = —second 
10 2 

The block then travels towards A with velocity u and 
rebounds with the same velocity u (since the collision is 
elastic) and agains strikes C after another time t 2 given by 


h = 


2x 2x0.5 


v 


1 


= 1 second 


This whole process is repeated. The block undergoes 
periodic motion with time period 


T— t\ + U — I —• + 


second 


EXAMPLE 12 Figure 10.10 shows a wooden block 
of mass m 2 attached to a spring of force constant k lying 


on a horizontal frictionless table. A bullet of mass /;?, 
moving horizontally with a velocity u hits the block and 
gets embedded in it. If /w, = m and m 2 = 80 m the amplitude 
of the resulting simple harmonic motion will be 


(a) u. 


m 


3k 




m , 


m 2 
v: 


u 





k 


rrrrrrrrrrrrrrrfrffrrTrrrTrrrwrrrTrr/rrTrrrrrrn 


Fig. 10.10 

SOLUTION From the principle of conservation 
of momentum, total momentum before collision = total 
momentum after collision, i.e. 

u = (m, + m 2 ) V 

where Fis the common velocity of the bullet-block system. 
Putting /??, = ni and m 2 = 80 m, we get 

u 

V ~ 8? 

1 2 

The kinetic energy of the system = — (/Wj + m 2 ) F“ 

= —(/??+ 80/;?) U 
2 (81) 2 

1 W 2 

= — m — 

2 81 

This is the total energy of the system since the string is 
unstrctchcd before the collision. 

If A is the maximum compression of the spring (which is 

the amplitude of motion), the potential energy is - kA 2 . 

2 

Now Loss in K.E. = gain in P.E. 

2 1 


or 


1 11 ' 

iii ■ = —kA 
2 81 2 


U 771 

A = — a — , which is choice (d). 

9 V A' 

EXAMPLE 13 A small trolley of mass 2.0 kg 
resting on a horizontal frictionless turntable is connected 
by a light spring to the centre of the table. The relaxed 
length of the spring is 35 cm. When the turntable is rotated 
at a speed of 300 rev/min, the length of the spring becomes 
40 cm. Find the force constant of the spring. 

SOLUTION Mass of trolley (/??) = 2.0 kg 
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Frequency of rotation (v) = 300 rev. min 1 = - 

= 5 rev. s' 1 60 

/. Angular frequency {co) = 2nv = 2nx5= lOzrrads -1 
The radius of the circle along which the trolley moves 
is 

r = 40 cm = 0.4 m 

When the table is rotated, the tension in the spring is 
equal to the centripetal force, i.e. 


mu -y 

T = - = mror = 2.0 x 0.4 x (10;?)“ = 790 N 

r 

Now, extension produced in the spring by this force 
= 40-35 


= 5 cm = 0.05 m 

_ r . force 790 N 

.*. Force constant of spring = - : —=- 

extension 0.05 m 

= 1.58 x 10 4 NrrT 1 
= 1.6 x 10 4 Nm’ 1 

6. Expressions for Time Period of Some other 
Systems 

(1) A Ball Oscillating in a Concave Mirror 

A small spherical steel ball is placed a little away from 
the centre of a concave mirror whose radius of curvature 
is R. When the ball is released, it begins to oscillate about 
the centre. 

Place a small steel ball at A , a little away from the centre 
O ofa concave mirror of radius ofcurvature R (= OC=AC) 
as shown in Fig. 10.11. Let ZAOC = 6. If m is the mass 
of the ball, its weight mg acts vertically downwards at A. 
This force is resolved into two rectangular components: 
mg cos 6 (which is balanced by the reaction of the mirror) 
and mg sin ©(which provides the restoring force F). Thus 


C 



F = - mg sin 6 

= - mg e 

(since 6 is small, R being very large). 


F--^ 

R 

(v x = R9: x being the arc OA ) 
= -Kx 

where force constant K = mg/R. Thus the motion is 
harmonic and the angular frequency is given by 



(2) Oscillation of a Liquid in a U-tube 

The column of the liquid is displaced through y by gently 
blowing into the tube (Fig. 10.12). The columns exhibit 
vertical oscillations. Let L, A and p be respectively, the 
length of the liquid column, area of cross-section of the 
tube and density of the liquid. We shall neglect viscous 
effects. Since the right-hand side column is higher by 2 y> 
with respect to the column on the left-hand side, the mass 
of this column of liquid is m = 2 Apy. The restoring force 
(which is a gravitational force) is given by 

F =-mg = - 2 Apgy = -Ky 

where the force constant K = 2Apg. The angular frequency 
of the harmonic oscillation is 


CO = 



where M= pAL is the total mass of the liquid in oscillation. 
Thus 



Static equilibrium Displaced column 


Fig. 10.12 Oscillations of a liquid column 


The time period of oscillation is 




It is interesting to note that the period of oscillation 
does not depend on the density of the liquid or the area of 
cross-section of the tube. 
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(3) Oscillation of Floating Vertical Cylindrical Body 

A cylindrical piece of wood of height /? and density p floats 
in a liquid of density p r The cylinder is depressed slightly 
and released. 

Let A be the cross-sectional area of the cylinder and M 
its mass. Fig. 10.13 (a) shows the static equilibrium, the 
weight of the cylinder being balanced by the weight of the 
liquid it displaces. 



(a) (b) 

Fig. 10.13 


If the cylinder is depressed through a distance x, as 
shown in Fig. 10.13 (b), the buoyant force on it increases by 
pfAgx , because p/Ax is the mass of the liquid displaced by 
dipping, g being the acceleration due to gravity. If viscous 
effects are neglected, the restoring force on the cork is 
given by 

F = - p, Agx = - Kx 

where K = p, Ag. Since F - x, the motion of the cork is 
simple harmonic. The time period of the motion is 

^ , [m 
T = 2tcJ — 

V K 

where M is the mass of the cork = Ahp c . Hence 

T = 2n = 

V Pi a 8 V 8 Pi 


(4) A Simple Pendulum 

A simple pendulum consists of a massless inextensible 
string fixed at one end O and having a small bob at the 
other end (Fig. 10.14). When the bob is displaced from 
equilibrium position A to a position B and released, the 
component mg cos 9 of its weight balances with tension T 
and it returns under a restoring force 

F = - mg sin© 


If 6 is small, sin 0-6 . Also 0 = 


x 

L 



' mg ' 

, L , 


X 



Time period T = 2 /r^— 








T is independent of the mass of the bob. 






(5) A Compound Pendulum 

A compound pendulum is a rigid body capable of oscillating 
about an axis. The pendulum consists of a rod of mass M 
and length L which is pivoted at O and carries a bob of 
mass m at the other end as shown in Fig. 10.15. The rod is 
displaced and released. 


O 



The pendulum tends to return under the influence of a 
restoring torque 

T = - mgL sin 6=- mgL6 (for small 0) 

If I is the moment of inertia of the system about the axis 
passing through O and perpendicular to the plane of the 
rod, the angular acceleration is 



( mgL N 
<~T~ j 


o 


since - 0, the motion is simple harmonic whose 
angular frequency is (compare with a = - (0~6) given by 
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E = - 
2 


/ 


1 ' 

111 + — M 
2 


v 2 +- kx 2 


dE 


Setting — = 0, we have 


dt 


( 


0 = 


M\ dv . dx 
+ kx — 
dt 


m + — \v 
2 ) dt 


Acceleration a = 


dv 

~dt 


kx 


(m+ 2 > 


/ 


V - 


dx 

dt 


= -or x 


(0 = 


T= 2k 



' M' 

m + 




j 


If the pulley has a mass M « m, then 

T = 2 *J- 

V m 

Case (b) 

In the system shown in Fig. 10.17(b), the pulley is a circular 
disc of mass M and radius R. The string does not slip over 
the pulley and the spring is elastic and of negligible mass. 

////////////////////// 


T 


T 

A 


o. 

W 

M 


t 

Mg 


Fig. 10.17(b) 


fhe equilibrium position is the position when the net force 
acting on it is zero (so that it has no translatory motion) 
and the torque acting on it is also zero (so that it has no 
rotatory motion). There will be no torque if the tensions 
in the two strings are equal. Let this tension be T. The 
extension in the spring will be 

T 

X °~ J 

For translational equilibrium of the pulley, 

2T= mg 

=> 2 x 0 k = mg 


Xa = 


mg 

2k 


(i) 


If the pulley is pulled down by a small distance x 9 the total 
length of string and the spring is 2x. Since the length of the 
string is constant, the extension in the spring is 2 jc. Total 
potential energy of the system is 

1 7 

P.H. = — k (x 0 + 2xy - mg x 


2 


mg_ 

2k 


+ 2x 


- >”g X 


= + 2 kx 2 

8 k 

Total K.E = Rotational K.E. + Translational K.E. 


1 . 1 7 

= —1(0“ + - Mv“ 


2 


2 


1 

f i 


( 

-x 


MR 

x - 

2 

<2 

) 

\R) 


+ - Mv 2 
2 


1 7 1 7 3 7 

= - Mv~ + - Mv 2 - - Mir 

4 2 4 

.*. Total energy is 

E= K.E. + RE. 

= — Mv 2 + 0LJL- + 2 kx 2 
4 8* 

dE 

Since E is not changing with time, — = 0, i.e. 


dt 


3 M dv A . dx 

-x 2v — + 4 kx — = 0 

4 dt dt 


3M dv A , 

- v — + 4 kxv = 0 

2 dt 


3 M dv 
~2~Jt 


+ 4 kx = 0 


dv 


dt 


(—i* 

U M 


or acceleration = -co 2 x 


where 


co = 


&k 
3 M 


T= 2k 


(3 M 
8 ~k 
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(8) A Block Attached to Three Springs 

A block of mass m is connected to three identical springs 
as shown in Fig. 10.18. The block is pushed towards spring 
1 through a small distance so that spring 1 is compressed 
by x and springs 2 and 3 are extended by x 2 = x 3 = x cos 45° 

= x / V2 . When the block is released, the restoring force 
acting on it is 

F = -(f 1+ F 2 +F 3 ) 





(iv) If two springs of spring constants k { and k 2 are 
connected in series, the spring constant of the 
combination is given by 

I = _L + _L 

k k x k 2 

in which case 


T = 


m (A', + k 2 ) 
. (* 1 * 2 ) 



(v) If two masses m l and m 2 and connected to the ends 
of a spring of force constant k , the time period of the 
oscillations of the system is 


T = 2n 



where p = — m \ m - — j s the reduced mass. 

(/;?i +w 2 ) 


The magnitude of F along the vertical direction is 

F = - (F, + F 2 cos 45° + F 3 cos 45°) 


/ 1 1 ' 

kx + kx 2 x —= + kx* x —j= 
v “ V2 v2 / 


/ f kx kx ^ 
kx + — + — 

2 2 


= -2 kx 


F 2k * 

Acceleration a = — =- x = - ccrx. Hence 


m 


m 


T - 2k 



7. Important Tips and Additional Formulae 


(i) Mass m suspended from a spring of force constant k 

T = 2k J— 

V k 


(ii) If a spring of spring constant k is cut into n equal 
parts, the spring constant of each part becomes n k. 
If each part is loaded with a mass rn , the time period 
of each will be 




(iii) If two springs of spring constants A', and k 2 are 
connected in parallel, the spring constant of the 
combination is k = k ] + k 2 . If the combination is 
loaded with mass m, then 


(vi) Simple pendulum of length / 

T = 2k A— 
g 

(vii) Liquid column of length L in a U-tube 

T = 2k 


2 g 


(viii) A pole of mass M and area of cross-section A floating 
in a liquid of density p 


T = 2k 


M 


pAg 


(ix) LC circuit consisting of inductance L and capacitance 
C 

T = Ijt'JTc 

(x) Simple pendulum immersed in a liquid 


/ 

( (0 

— where g =g 

1-- 

Jg 

l p) 


0 = density of liquid, p = density of bob. 

(xi) Simple pendulum in a lift moving up with 
acceleration a 


l 


T = 2k.. 

(g+a) 

If the lift is moving down with acceleration a (< g) 


T = 2k 


I 


v(g-a) 
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If the lift is falling freely a = g and T=o o, frequency 
v= 0. 

(xii) Simple pendulum in a trolley moving with 
acceleration a in horizontal direction. 



(xiii) Simple pendulum in a trolley moving down an 
inclined plane of inclination 0 


T = 2k 


I 

g sin 9 


(xiv) For a seconds pendulum T = 2s. Hence / = 99 cm = 
1 m. 


(xv) An extended body pivoted at point P at a distance h 
from its centre of mass (Fig. 10.19) and oscillating 
in the vertical plane. 


T = 2k 




where / = moment of inertia of the 
body about the pivot. 

(a) If the body is a rod of mass m and 
length / (Fig. 10.20) pivoted at its 
end, then 



and / = 


ml 

3 


Hence T=2k 



in 


1/2 

i 


P s Pivot 


CM 


Fig. 10.20 


(b) If the body is a ring of mass in 
and radius r pivoted at a point 
P on its periphery (Fig. 10.21), 
then 

7 7 7 

/? = r and / = mr + mr~ = 2 mr . 


Hence 




For a disc pivoted at a point on its periphery. 


1 7 ^ 

h = r and / = — mr + mr 

2 



1 lence 


T=2k 



(xvi) Some cases of oscillation of spring-mass-pulley 
system. The mass of pulley is negligible. 



Fig. 10.22 


Fig. 10.22 (a) => 7;,= 2/r 
Fig. 10.22 (b)=> T b = 2n 
Fig. 10.22 (c)=> r c = 2/r< 




Fig. 10.22 (d) => Tj=2n 



(fri 

4k\k 2 


(xvii)Horizontal oscillation (without slipping) of a disc, 
ring, cylinder or sphere of mass M and radius R 
rolling on a horizontal surface (Fig. 10.23). 


/ 

/ 

///////////// 

Fig. 10.23 

8. Damped Oscillations 

Oscillations under the influence of damping (or frictional) 
force arc called damped oscillations. Due to damping the 
amplitude (and hence energy) of the oscillator keeps on 
decreasing with time and eventually the oscillator comes to 
rest. Damping also decreases the frequency of the oscillator. 

9. Forced Oscillations and Resonance 

The oscillations ofa system under the influence ofan external 
periodic force are called forced oscillations. The external 



T=2k 
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force maintains the oscillations of a damped oscillator. 
The amplitude of these oscillations remains constant. 

If the frequency of the externally applied force is equal 
to the natural frequency of the oscillator, resonance is said 
to occur. If damping is small, the amplitude of resonant 
oscillations will become very large. At resonance, the 
oscillator absorbs maximum energy supplied by the 
external force. 

PART 

(B) 

Waves 


10. Wave Motion 

Wave motion involves the transport of energy without 
any transport of matter. The key word in wave motion is 
‘disturbance’. In case of mechanical waves, the disturbance 
is the physical displacement of particles of a medium. In 
case of electromagnetic waves, the disturbance is a change 
in electric and magnetic fields. 

11. Types of Waves 

There are two types of wave motions: (1) transverse and 

(2) longitudinal. 

(1) Transverse Waves In transverse waves the particles 
of the medium vibrate at right angles to the direction 
in which the wave propagates. Waves on strings, 
surface water waves and electromagnetic waves arc 
transverse waves. In electromagnetic waves (which 
include light waves) the disturbance that travels is 
not a result of vibrations of particles but it is the 
oscillation of electric and magnetic fields which 
takes place at right angles to the direction in which 
the wave travels. 

(2) Longitudinal Waves In longitudinal waves the 
particles of the medium vibrate along the direction 
of wave propagation. Sound waves are longitudinal. 

12. Characteristics of a Harmonic Wave 

(1) Amplitude The amplitude of a wave is the maximum 
displacement of the particles of the medium from 
their mean position. 

(2) Period The time period of a wave is the period of 
harmonic oscillations of particles of the medium. 
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The frequency of a wave is the reciprocal of the time 
period. 

(3) Wave Velocity Wave velocity is the distance travelled 
by the wave in one second. 

(4) Wavelength The wavelength is defined as the distance 
(measured along the direction of propagation of 
wave) between two nearest particles which are in 
the same phase of vibration. 


13. Displacement Equation for a Travelling 
Wave 


When a plane wave travels in a medium along the positive 
^-direction, the displacement y of a particle located at x at 
time t is given by 

y = A sin (cot - kx) 


where/! = amplitude of the wave, ro(= 2/rv) is the angular 
frequency (in rad s '), v is the frequency (in Hz) and k = 



is the angular wave number and A is the wavelength 


of the wave. 

For a wave travelling along the negative ^-direction, 


y = A sin (cot + kx) 
The wave velocity is given by 


v = vA = 


CO 

J 


14. Phase and Phase Difference 

The argument of the sine (or cosine) function which 
represents a wave is called the phase of the wave. For a 
wave travelling along the positive ^-direction, the phase (p 
at a space point* at time / is given by 

(p = cot - kx 

It is clear that the phase changes with time t as well as 
space point *. 

Phase Change with Time 

The phase of a given particle (i.e. * fixed) changes with 
time. As time changes from t to (/ + Af), the phase of a 
particle oscillation changes from 0 to (0 + A0) where A (p 
is given by 

A0 = {co (t + At) - kx) - {cot - kx} 

=> A0= (oAt = — At 

T 
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where T is the time period of particle oscillation. If 
At = T, (p = 2 k. 

Phase Change with Position 

At a given instant of time /, the phase of particles of the 
medium varies with position x of the particles. The phase 
difference at an instant t between two particles separated 
by x and (x + Ax) is given by 

A0 = {cot- k(x + Ay)} - (cot - kx) 

=> A0 = - kAx = - — Ay 

A 


The minus sign indicates that, for a wave travelling 
along the positive ^-direction, the particles located 
at higher values of x lag behind in phase. If Ay = A, 
|A0| = 2k. Hence wavelength can be defined as the distance 
between two particles whose phases differ by 2 k. 

© EXAMPLE 14 When a plane wave travels in a 
medium, the displacements of particles are given by 

y — 0.01 sin [2n(2t - 0.01 *)] 
where * andy are in metre and t in second. Find 


(a) the amplitude, wavelength, wave velocity and 
frequency of the wave, 

(b) the phase difference between two positions of the 
same particle in a time interval of 0.25s and 

(c) the phase difference at a given instant of time 
between two particles 50 m apart. 



SOLUTION 


(a) The given equation is 

y = 0.01 sin (4 Kt - 0.01 x 2kx) 


Comparing this equation with 


y = A sin (cot - kx), we get 


A = 0.01 m 


co = 4/r=> 2k v = 4/t=> v= 2 Hz 

2k 2k 


k = 0.01 x 2/r=> — =-=> A= 100 m 

A 100 

v = vA=2x 100 = 200 ms' 1 

(b) A0 = 2kvAi = 2k x 2 x (0.25) = K = 180° 

(c) A 0 = —— Ay =-— x 50 = — K = - 180° 

A 100 

The negative sign indicates that the particle at x = 50 m 
lags behind the particle at .y = 0 by a phase angle of 180°. 
© EXAMPLE 15 A travelling wave on a string is 
given by 


V 


0.005^ + 12? + - 
4) 


y = 7.5 sin 
where y and v are in cm and t in second. 


(a) Find the displacement and velocity of the particle at 
a point x = 1 cm at / = Is. Is this equal to the wave 
velocity? Given sin (12.7°) = 0.22. 

(b) Locate the points on the string which have the same 
transverse displacement and velocity as the* = 1 cm 
point has at t = 2s, 5s and 1 Is. 



SOLUTION 


Given 


y 


= 7.5 sin 


( k\ 

0.005*+ 12/+ - 
l 4 J 



(a) Putting * = 1 cm and t = 1 s in Eq. (i) we have 


y = 7.5 sin 


f 0.005 x 1 + 12x1 + 


V 


+) 


= 7.5 sin (12.79 rad) 

= 7.5 sin (732.7°) (v n rad = 180°) 
= 7.5 sin (4/r+ 12.7°) 

= 7.5 sin (12.7°) 

= 7.5 x 0.22 = 1.65 cm 

Particle velocity is obtained by differentiating (i) w.r.t. 
time /. 

V= — =7.5x 12XCOS (o.005x + 12/ + - 
dt V 4) 


Putting x = 1 cm and / = 1 s, 

F = 7.5 x 12 x cos 12.7° 

= 87.8 cm s" 1 
Comparing Eq. (i) with 

y = A sin (kx + cot + 0 O ) 

we get k = 0.005 rad cm 1 and co = 12 rad s~' giving 

co 12 _i 

v - — = - = 2400 cm s 

k 0.005 

Particle velocity V is not equal to wave velocity v. 

(b) By definition of wavelength (A), all points on 
the string which are located at * = A, 2A, ... = /?A 
(n = 0, 1 , 2 , ...) away from * = 1 cm have the same 
displacement and velocity as those at * = 1 cm for 
all values of /. 

From k = 0.005 => — = 0.005 => A = 12.67 cm. 

A 

Hence the positions of the required points arc 
* = 1 cm + (12.67 cm) n = (1 + 12.67 n) cm where 
n is an integer. 


Copyrighted material 



Oscillations and Waves 10.17 


15. Expressions for Wave Velocity in Different 
Media 

1. Velocity of sound in an elastic medium is given by 

v = 

where E = modulus of elasticity of the medium 

and 

p = density of the medium. 

(a) For gases'. 

E = yP 

where y= C p /C v is the ratio of the specific heat of the 
gas at constant pressure and that at constant volume 
and P is the pressure of the gas. 

Thus 

v = 

(b) For solids’. E = Y\ the Young's modulus of the 
solid. Thus 

v = 

(c) For liquids'. E = K, the bulk modulus of the liq¬ 
uid. Thus 

v = 

2. The velocity of sound in a gas is independent of the 
pressure but is directly proportional to the square 
root of the absolute temperature. 

Vj_ = IT = ( t + 273 V /2 
v„ v To l 273 J 

where t is the temperature in °C. 

3. The velocity of sound increases with increase in 
humidity. Sound travels faster in moist air than in 
dry air at the same temperature. 

4. Velocity of a transverse wave on a stretched string is 
given by 

v = 

where T = tension in the string and m = mass per unit 
length of the string. For a string of diameter d and density 
p, we have 

71 cl 2 p 

m — - 

4 

Thus, v = — 

d 








Q EXAMPLE 16 A long uniform steel wire has a 
diameter of 2.0 mm. What should be the tension in the 
wire, so that the speed of the transverse wave on it equals 
the speed of sound at STP (= 320 m s -1 )? The density of 
steel is 7800 kg m 3 . 

Q SOLUTION The volume of a wire of length L and 
diameter d is 

V = nr 2 L = nd 2 L/4 
The mass of the wire is 

. # . , Jtd 2 Lp 

M = volume x density = —-— 

. . . , . , . M nd 2 p 

Mass per unit length ( m ) = — = —-— 


Now 




2 2 


2 nd-pv 
T = mv = -— 


Substituting the values of d, p and v and solving we get 

r = 25.1 N 

{Q EXAMPLE 17 Transverse waves are generated in 
two uniform steel wires A and B of diameters 10 ' m and 
0.5 x 10 3 m respectively, by attaching their free end to a 
vibrating source of frequency 500 Hz. Find the ratio of the 
wavelengths if they are stretched with the same tension. 

@ SOLUTION The density of a wire of mass M , 
length L and diameter d is given by 

_ 4 M _ 4/77 

Kd 2 L Kd 2 


now 


and 


= 


= 


'A _ 



B _ “B 


but v A = vA a and v B = vA B , v being the frequency of the 


source. 


Hence 


A a v A d B _ 0.5 x 10 


= 0.5 


(Q EXAMPLE 18 Compare the velocities of sound in 
hydrogen (H 2 ) and carbon dioxide (C0 2 ). The ratio (y) of 
specific heats of H 2 and C0 2 is respectively 1.4 and 1.3. 


SOLUTION v,= l^ 


and v- 


_ r 2 p 


H - Mi 

V 2 V Y 2 P\ 


Copyrighted material 



10.18 Complete Physics—JEE Main 


Since density of a gas is proportional to its molecular 
weight, 

* =^ 1 = 21.83 


Pi 


V 

v> 


1 _ 


2.016 

( 1 .4 ^ 

— x 21.83 
v 1.3 


1/2 


= 4.85 


Velocity of sound in hydrogen is 4.85 times that in carbon 
dioxide. 

0 EXAMPLE 19 At what temperature will sound 
travel in hydrogen with the same speed as in oxygen at 
927 °C? 


SOLUTION 


^2 


Y\Pi 


UiPi 


Hydrogen and oxygen arc both diatomic gases. Hence, 7 , 
= y 2 . Also 

molecular mass of oxygen 


Pi 

Pi 


Vt 


V> 


V 


t _ 


molecular mass of hydrogen 

— = 16 
2 

Vl6 =4 

/ + 2733 


1/2 




273 J 


v 


For oxygen 


V' 


/ 927 +273 > 

1/2 

/1200 3 

l 273 J 


V 273 J 


1/2 


For hydrogen 


v 


t _ 


V\ 


Dividing (i) and (ii) 


v, 

—-x —- 


( 273 + / "l 
273 j 


1200 ^ 


1/2 


(i) 


(ii) 


1/2 


V 


V. 


V. 


V‘ 


x 4 = 


V 


t _ 


v i 

Given v'= v r Hence 

4 = 

=> 16 = 


273 + / 

1200 
273 + / 

J200 
273 + / 


1/2 


1/2 


1200 
273 + / 

1200 
,273 + / 

/ = - 198°C 


xl/2 


EXAMPLE 20 In a laboratory experiment (room 
temperature being 15°C) the wavelength of a note of sound 
of frequency 500 Hz is found to be 0.68 m. If the density 
of air at STP is 1.29 kg m \ calculated the ratio of the 
specific heats of air. 

© SOLUTION 

Speed of sound at 15°C is v ] = vA = 500 x 0.68 

= 340 ms 1 


Speed of sound at 0°C is v 0 = 340 x 


273 


273+15 


At STP, 


Now 


= 331 ms 
-3 


-1 


p 0 = 1.29 kgm 0 and P 0 = 1.01 x 1 (V N m 


r-f 

Po C v 


pgpo _ (331)-x 1.29 _ l20 
Y P 0 1.01 x 10 5 

EXAMPLE 21 A uniform thick rope AB of mass 24 
kg hangs vesfically from a rigid support. A block of mass 
4 kg is attached to the free end of the rope (Fig. 10.24). A 
transverse pulse of wavelength 5 cm is produced at end A 
of the rope. The wavelength of the pulse when it reaches 
point C exactly mid-way from A and B will be 


(a) 5\/6 cm 
(c) 5\/3 cm 


(b) 10 cm 
(d) 5 cm 


<««<««({««««« 


B 


C 


A 



m‘ k% 

Eig. 10.24 

SOLUTION Since the rope has a finite mass, the 
tension will not be the same at all points on it. At point A , 
the tension is 

r, = (4 kg) xg = 4g newton 
At point C, the tension is 

T 2 = (mass of part AC + 4 kg) x g 
(24 ) 

= I — kg + 4 kg x g = 16 g newton 
V 2 
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Now 


V = 



Also v = vA. Thus 



The frequency v of the pulse cannot change as it depends 
only on the frequency of the source producing the pulse. 
As the rope is uniform, the mass per unit length (/?/) is also 

A 

constant. Hence —j= = constant. Therefore 

y[r 


Aj _ A 2 




= 10 cm 

16. Superposition of Waves (The Superposition 
Principle) 

When a wave reaches a particle of a medium, it imparts a 
displacement to that particle. If two or more waves arrive 
at a particle, the resultant displacement of the particle is 
equal to the vector sum of individual displacements. In 
the particular case when the waves travelling in the same 
straight line superpose, the resultant displacement is equal 
to the algebraic sum of the individual displacements. This 
is called the principle of superposition. 

y = y\+y2 + -+yn 

The following three cases of superposition are of practical 
importance. 

17. Interference 

The superposition of two waves of the same frequency 
travelling in the same direction in a medium is called 
interference. Consider two waves of equal amplitude 
a , equal angular frequency co and equal angular wave 
number k but having a phase difference cp travelling along 
the positive ^-direction. The displacements^ and y 2 of a 
particle located at x at time / are 

= a sin (cot - kx) 

and y 2 = ct sin (cot - kx + 0) 

According to the superposition principle, the resultant 
displacement is given by 

y =y i +T2 


= a [sin (cot - kx) + sin (cot - kx + (p)] 


Using sin a + sin [i = 2 sin 


(a + /T 

(a-P) 

COS 

V 2 J 

l 2 ) 


y 


0 


f 


2a cos — I sin 
2 


cot - kx + 

2 


, we get 


0 


y = A sin 


d) N 

cot - kx + - 
2 


where A = 2a cos ^“j * s the resultant amplitude. The 
frequency and wavelength of the resultant wave remain 

the same as those of individual waves. 

(a) Constructive Interference: If A is maximum (positive 
or maximum), the interference is constructive, then 
A max = ±2a. This happens if 

cosf-1 =±1 

0 

=> — = 0, 7T. 2/r. ... 

2 

=> (p = 2njr, (n = 0, 1,2,...) 

(b) Destructive Interference: If A = 0, the interference is 
destructive. This happens if 


cos 


0^ - 


f— I = 0 

V2 


0 _ /r 3/r 5/r 

2 " I’T’T”*' 

<p=(2n+ 1 )/r, w = 0, 1,2,... 

EXAMPLE 22 Two waves each of amplitude 2 cm 
and wavelength 5 cm and frequency 10 Hz have a constant 
phase difference of 60°. Travelling in the same direction, 
they superpose at a particle of the medium. What is the 
resultant amplitude of the oscillations of the particle? Also 
find the frequency and wavelength of the resultant wave. 

SOLUTION 


Resultant amplitude is A = 2a cos 


( <p^ 
v 2 y 


60‘ 


= 2 x (2 cm) x cos 
= 2\[?> cm 

The frequency and wavelength of the resultant wave are 
10 Hz and 5 cm respectively, the same as those of the 
individual interfering waves. 

0 EXAMPLE 23 Two waves travelling in a medium 
are given by 


y\ - 2 sin 


3 k t -x 

2 . 
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and 


y 2 ~ 4 sin 


f 6 k t - 


V 


3/r 

2 


\ 

x 


y =yi+y r 

= a [sin (cot + kx) - sin (cot - kx )] 


where y l9 y 2 and x are in cm and / in second. The 
displacement of a particle at x = 1 cm at time t = 1 s is 

(a) -2 cm (b) -3 cm 

(c) +2 cm (d)+6cm 

© SOLUTION The displacements of the particle at 
x = 1 cm at t = 1 s are given by 


y i=2 sin 


= 2 sin 


= 2 sin 


3;r x 1 - — x I 
2 


i K 

3 K - - 
2 . 


A 


' 5/r > 

Cij 


= 2 sin ^ 27T + ^ 


/r 


2 sin — = 2 cm 
2 


and 


>2 = 4 sin 


/ 


3/r 


67T x 1-x 1 

2 


9/r 


= 4 sin I — I = 4 sin 
2 


, 7T 

4/T H- 

2 


Using sina - sin/3 = 2 sin 


a-(3 


cos 


a + p 


, we get 


>> = 2# sin (for) cos (ft)/) (i) 

=> y = A cos ft)/ (ii) 

where A = 2a sin(for) (iii) 

Equation (i) represents a standing wave. It does not 
represent a travelling wave since it does not involve the 
combination (cot ± kx) in the argument of the sine or cosine 
function. Equation (ii) tells us each particle has a simple 
harmonic motion and Eq. (iii) tells us that the amplitude of 
motion is different for different particles (i.e. for different 
values of*). Such simple harmonic motions of the particles 
of a medium are called norma / modes. 

Nodes 

There are certain points in the medium which are 
permanently at rest. These points are called nodes. The 
position of nodes is given by 

A = 0 

=> 2 a sin (for) = 0 

=> sin kx = 0 


- 4sin— = 4 cm 
2 

According to superposition principle 

y = y i + y 2 = 2 + 4 = 6 cm 

18. Standing (or Stationary) Waves 

Standing (or stationary) waves arc produced when two 
waves of the same frequency travelling in opposite 
directions in a medium superpose. In actual practice, 
we do not send two independent waves in a medium in 
opposite directions. A wave is sent in a finite medium 
which has its boundaries, for example, a string of a finite 
length or a rod or a column of gas or liquid. The wave 
gets reflected at the boundaries and a superposition of the 
incident and reflected waves occurs continuously, giving 
rise to standing waves. 

When a wave is reflected from a rigid boundary, it 
undergoes a reversal of amplitude (which implies a phase 
change of /r). Consider a wave travelling in the negative 
^-direction towards a boundary at x = 0, where it is 
reflected. The particle displacements due to the incident 
and reflected waves are given by 

y t = a sin (cot + for) 

and y r - - a sin (cot - kx) 

From the superposition principle, the resultant displacement 
is 


kx = 


2k 

T 


* = 


* = 


0, /r, 2n, 
0, /r, 2 k , 

0, U 

2 


. and so on 


Distance between two consecutive nodes = 

Antinodes 


A 
2 ‘ 


There are certain points in the medium which have 
maximum (positive or negative) amplitude. These points 
are called antinodes. Their position is given by 

A =± 1 


2 a sin (for) = ±1 


sin kx 
kx 

2k 


±1 

K 3 K 5 K 
2 ~ 2~ 9 2 


A 


x = — 


K 3 K 5 K 

— •> _ •> T 

2 2 2 


A 3A 5A 


x = — 


4 4 


Distance between two consecutive antinodes = 


A 
2 ' 
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WJZk 1. Exactly mid-way between two nodes is an 
antinode and vice versa. 

2. The distance between a node and the next 

antinode = — . 

4 

3. There is no transfer of energy along the medium. 






EXAMPLE 24 Standing waves are produced by the 
superposition of two waves 


and 


y\ = 5 sin (3 nt - 2jtx) 
y 2 = 5 sin (3 nt + 2 tux) 


where y and x are in cm and t in second. Find the amplitude 
of the particle at x = 2 cm. 



SOLUTION 


y = y \ +>2 


= 5 [sin (3/rr-2;Ec) + sin (3m+27ix)] 
Using sin (a + ji) + sin (a - (5) = 2 sin a cos [i , wc get 

y = 10 cos ( 2 7Cx) sin (3nt) 

=> y — A sin (3 nt), where A = 10 cos ( 7kx ) 


A/2 




(b) 


A/2-—-A/2 —►-<-A/2 —- 



(c) Third Harmonic. [Fig. 10.25 (c)] 


For the third harmonic, —f-—I— =L => A = 

2 2 2 3 


Amplitude A at x = 2 cm is 

10 x cos (2/rx 2) = 10 cos 4zr =10 cm 

Normal Modes of a Siring Fixed at Both Ends 

Consider a uniform string of length L stretched with a 
tension T and fixed rigidly at its ends at .v = 0 and x = L. 
The string can vibrate in a number of modes. Figure 10.25 
shows the first three harmonics. 

(a) Fundamental Mode (or First Harmonic) 

In this mode, the string vibrates in one segment. [Fig. 
10.25 (a)] 


*-1 

2 


A=2 L 


The frequency of the fundamental mode is 


v 

V, = — = 


V 

2 L 


where 


T 

v = j— 
m 


(b) Second Harmonic. [Fig. 10.25 (b)] 

- . A A 

for the second harmonic, — + — = L 

2 2 


A = L. 


v v 

v? = — = — = 2v, 
2 X L 1 




V 

A 


3v 

2L 



In general, for a string vibrating in the nth harmonic, the 
frequency of vibration is 


nv _ n FF 
2 L 2 L V m 


EXAMPLE 25 The transverse displacement of a 
string fixed at both ends is given by 


y = 0.06 sin 


2k x 


cos (120/r/) (i) 


where y and .v are in metre and t in second. The length of 
the string is 1.5 m and its mass is 3 x 10 " kg. 

(a) What is the amplitude at point x = 0.5 m? 

(b) What is the velocity of the particle at .v = 0.75 m at 
/ = 0.25 s? 

(c) Write down the equation of the component waves 
whose superposition gives the vibration given in Eq. 
(i) above. What is the wavelength, frequency and 
speed of each wave? 

(d) Determine the tension in the string. 

(c) Do all points on the string vibrate with the same (i) 
frequency, (ii) phase and (iii) amplitude? 
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SOLUTION 

(a) Displacement is maximum when cos (120/r/) 

/ 27 IX 


= 1 


Hence the amplitude = 0.06 sin 


At x = 0.5 m, the amplitude = 0.06 sin 


2k 

IT 


x 0.5 


K 


= 0.06 sin — = 0.052 m 
3 

(b) The velocity at point x at time t is obtained by 
differentiating Eq. (i) with respect to t. 


V= — = - (0.06 x 1207r) sin 
dt l 3 


sin(1207r/) 


Now at t = 0.25s, sin( 120/r/) = sin (30/r) = 0. Hence 
at t = 0.25s, the velocity is zero for all values of x 
including x = 0.75 m. 

(c) The stationary wave in the question may be written 
as 

y = 2 A sin a cos /3 


where 


A = 0.03 m, a — 


2k x 


and j8 = 1207Z7. 


Now 2 A sinacos/} = /J sin(a+ /}) + A sin(a- ft) 


= 0.03 sin 


2k x 


+120 Kt 




+ 0.03 sin 

i.e. y=y\+y 2 

Hence the two component waves arc 


(2k. x ^ 

-120 Kt 


\ 3 


and 


y x = 0.03 sin 


y 2 = 0.03 sin 


f 120/r/l 


v 3 
/ 2k x 


1 




3 ~ ]207tt ) 


Let A be the wavelength, v the frequency and i?the 
speed of each wave. Then 


2k 


= coefficient of x in the argument of 


the sine function = 


2k 


or 


Also 


A = 3 m. 


CO = 


which gives v 
Hence v 


2kv = coefficient of t in the argu¬ 
ment of the sine function 

120/r 
60 Hz. 

vA = 60 x 3 = 180 m s -1 


(d) Mass per unit length (m) = 


3.0x10 

1.5 


-2 


= 2.0 x 10 2 kg m 1 

We know that v = J— , where T is tension in the 
string. ^ m 

T= mv 2 = 2.0 x 10“ 2 x (180) 2 = 648 N 

(e) In a stationary wave on a string, all points on the 
string vibrate with the same frequency and the same 
phase, but the amplitude is different at different 
points (i.e. different values of x). The amplitude is 
zero at nodes and maximum at antinodes. 

($5 EXAMPLE 26 A wire of density 9 g cm 3 is 
stretched between two clamps 100 cm apart while being 
subjected to an extension of 0.05 cm. What is the lowest 
frequency of transverse vibrations of the wire, assuming 
that the Young's modulus of the material of the wire = 
0.9 x 10" N m“ 2 . 

SOLUTION Young's modulus 


Y = 


stress 

strain 


T/A TL 


l/L Al 


where T = tension, L = original length = 100 cm, / = 
extension = 0.05 cm and A = area of cross-section of the 
wire. 


Hence, 


L 

A 


Yl 0.9 x 10 11 x 0.05 


100 


= 4.5 x 10 


Now mass per unit length m = 


mass 


length 

volume x density 
length 

area x length x density 
length 

= area x density 
= Ap 

Density p = 9 g cm 3 = 9000 kg m 3 . The lowest frequency 
is the frequency of the fundamental mode. 


v \ = 


1 T 


1 


2 L V m 21 \ Ap 


1 1 4.5x10 

x 


2x1 


9000 


= 35.3 Hz 
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EXAMPLE 27 A wire having a linear density of 
0.05 g cm 1 is stretched between two rigid supports with a 
tension of 4.5 x 10 2 N. It is observed that the wire resonates 
at a frequency of 420 Hz. The next higher frequency at 
which the wire resonates is 490 Hz. Determine the length 
of the wire. 

© SOLUTION Let 420 Hz be the /7th harmonic, then 
490 Hz is the (/? + l)th harmonic. Therefore 


420 = — - 
2 L V m 


and 


490 = 


(w + 1) T 


2 L v m 

Dividing (i) and (ii) we get n = 6. Putting n 


420 - — 


4.5x10“ 


2L V0.05xl0 -1 


(i) 

(ii) 

6 in (i) we get 
* L = 2.14m 


EXAMPLE 28 A sonometer wire AB of length 
110 cm is fixed at both ends. How far from ends A and B 
should the two bridges be placed below the wire so that 
the fundamental frequencies of the three segments of the 
wire are in the ratio 1 : 2 : 3? 

(a) 60 cm, 20 cm (b) 50 cm, 30 cm 

(c) 45 cm, 35 cm (d) 40 cm, 30 cm 

© SOLUTION Let Lj, L 2 and L 3 be the lengths of the 
three segments of wire. Their fundamental frequencies are 

i [F 


Vl = 


V-, = 


2 L 



1 T 


2 L 2 V m 

1 


V ' 3 2 L 



which give v, L ] = v 2 L 2 = v 3 Z, 3 . Since v x : v 2 : v 3 = 1 : 2 : 3, 
we have vs = 2v, and v 3 = 3v,. Hence 

v,L, = 2 VyL-> and v,L, = 3v,Z,- l so that 


L 2 - L x 


1^2 
V 


1^1 


13 


1 _ ^1 


2vj 


and 

But 


L 3 = — 

3 3 

L i ^2 ^ ^3 — ^ 


A 


1 + - + - 
2 3 


= 110 


L , = 60 cm 


Hence 


L, = — = 20 cm 
3 3 


Hence the correct choice is (a). 

Norma! Modes in Air Columns in a Pipe 

A gas column in a pipe can oscillate in a number of modes 
Case I: Closed Pipe 

Consider a pipe of length L open at one end and closed 
at the other. The closed end is a node and the open end is 
an antinode. Figure 10.26 shows the first three modes of 
a closed pipe. 

A/4 



(a) 


A/2 




A/4 



(b) 


A/2 


-► •*- 


A/2 


-A/4- 



(c) 

Fig. 10.26 

(a) Fundamental Mode (or First Harmonic) 
[Fig. 10.24 (a)] 

- =L => L = 4A 


V 

v, = — = 


V 


A 4 L 


yP . 

where v = . is the speed of sound in the gas. 


(b) Third Harmonic (or First Overtone) [Fig. 10.24 (b)] 

A A ,4 L 

— + — =L => A= — 

2 4 3 


V 3i/ 


V 3 = - = 


4 L 


= 3v, 


(c) Fifth Harmonic (or Second Overtone) [Fig. 10.24 

(c)] 

A A A y ,4 L 
— + — + — =L => A= — 

2 2 4 5 
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V 

A 


5v 
4 L 




v 

2 L 



In general, for /7th harmonic 

nv n fyP 

V " 4 L 4L \ p 


where n = 1,3, 5,... etc. 








In a closed pipe only odd harmonics are present; 
all the even harmonics arc absent. 






Case 2: Open Pipe 

Figure 10.27 shows the first three modes of an open pipe 
■< -A/4--A/4-► 


(c) Third 

(c)] 


Harmonic (or Second 


Overtone) [Fig. 10.25 


A A A A , ,2 L 

— + — + — + — =L => A= — 
4 2 2 4 3 







i 


For /7th harmonic 

=A7V,; n= 1,2, 3,... 








In an open pipe, all harmonics (even as well as 
odd) are present. 







A/4 ——-A/2-A/4 



•^-A/4-*-*-A/2--A/2-*~*-A/4-^ 



(a) Fundamental Mode (or First Harmonic) [Fig. 10.25 

(a)] 

-+- =L => X=2L 

4 4 

17 Z7 


(b) Second Harmonic (or First Overtone) [Fig. 10.25 
(b)] 

A A A 

—I-1— — L =$ A — L 

4 2 4 


End Correction 

We have taken the open end of a pipe to be an antinode. 
This is not strictly true. In fact, the particles of air just at the 
open end are not perfectly free because of the restriction 
imposed by the pipe. The true antinodc is slightly away 
from the open end as shown in Fig. 10.28. 


True antinodc 



Fig. 10.28 

The distance e is called the end correction. The effective 
length of the pipe is (L + e). 

@ EXAMPLE 29 A pipe of length 20 cm is closed at 
one end. Which harmonic mode of the pipe is resonantly 
excited by a 430 Hz source? Will the same source be in 
resonance with the pipe if both ends arc open? Speed of 
sound = 340 ms -1 . 

(Q SOLUTION Let N be the frequency of the source 
and v m that of the //7th harmonic of the closed pipe, where 
/77 = 1,3, 5, .... Resonance will occur if 


N = v = 

v m 


mv 
4L 


430 = 


/77 x 340 
4 x 0.2 


which gives /// = 1.01 - 1. The source of frequency 430 Hz 
will resonantly excite the first harmonic (i.e. fundamental 
mode) of the closed pipe. 
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For an open pipe, the condition of resonance with the 
same source will be 




nv 
2 L 


where n = 1, 2, 3,... 


N x2L 430x2x0.2 


n ~ 


V 


340 


= 0.5 


which is not an integer. Hence the source will not be in 
resonance with any harmonic of the open pipe. 

(Q EXAMPLE 30 A half-metre long tube open at 
one end, with a movable piston shows resonance with a 
tuning fork of frequency 512 Hz when the tube length 
is 16.0 cm and 49.0 cm. Calculate the speed of sound at 
the temperature of the experiment and determine the end- 
correction. 

<Q SOLUTION The tuning fork is in resonance at two 
lengths of the pipe, viz. 16 cm and 49 cm. Since the second 
resonance length is about three times the first, it is clear 
that the fork is in resonance with the first harmonic (i.e. 
the fundamental mode) when C, = 16 cm and with the third 
harmonic when L 2 = 49 cm. Thus we have 


Also 


N = v, = 


A = v 3 = 


v 


4(L,+e) 

3v 


(i) 


(ii) 


4 (L 2 +e) 

where N is the frequency of tuning fork and e is the end- 
correction. Dividing (ii) by (i) we get 

3(16.0 + e) = 49.0 + e or ^ = 0.5 cm 
Then the speed of sound as obtained from (i) is 

v = 4 N(L , + e) 

= 4 x 512 x (16.0 + 0.5) 

= 33792 cm s 1 = 337.92 m s ' 


— 338 m s 


i 


19. Beats 


The periodic rise and fall of intensity of the wave 
resulting from the superposition of two waves of different 
frequencies is called the phenomenon of beats. 

Consider two waves of angular frequencies co { and co 2 . 
For simplicity, we assume that they have equal amplitude 
a and that the observation point is at .r = 0. Then 
y x = a sin ay; a), = 27 tv, 
and y 2 = a s'\n co 2 t; co 2 = 2kv 2 
Using the superposition principle, 

y =Ti +T2 

= a (sin ay + sin 0) 2 t) 


= 2 a cos 


/ c a, - ci) 2 n 


/ sin 


1 


(0 { + CO 2 


y sin(<M av 0; « av = - (ft), + (0 2 ) 


where 


— ro. \ 


co } - co 2 

A = 2a cos I —-- 

2 


Now, intensity is proportional to A ~. Therefore, the 
resultant intensity is maximum when 


cos 


( G) { - co 2 x 
2 

O), - co 2 


t =±1 


t = 0, k, 2n ,... 


2k 


V, - V 


2 , _ 


t = 0, /r, 2 k, ... 


/ = 0, 


1 


(V, -v 2 ) (v,-v 2 ) 

The time interval between two consecutive maxima is 


h = 


1 


Vj-V 2 


Therefore frequency of maxima is 


\ 

h 


V* = - = Vj - v 2 


Similarly, we can show that the frequency of minima = 
v h . Hence the frequency of beats is 

v b = v { - v 2 

Thus 

Beat frequency = difference between the frequencies of 
interfering waves. 

(0 EXAMPLE 31 Two tuning forks A and B produce 
10 beats per second when sounded together. On loading 
fork A with a little wax it is observed that 5 beats per 
second are produced. If the frequency of fork B is 480 
Hz, find the frequency of fork A (a) before loading and (b) 
after loading. 

© SOLUTION There are two possibilities (i) v A < v B 
or (ii) v A > v B . 

. «. <. — _v Aun .. - in _x 

V A 


Case (i) v A < v B ; v B - V A = v h => 480 - v A = 10 

= 470 Hz. 

On loading with a little wax, the frequency of a fork 
decreases slightly, i.e. v A becomes slightly less than 470 
Hz. Hence the number of beats per second must increase. 
But v h decreases to 5. Hence v A cannot be less than v B . 
Case (ii) v A > v B . In this case v A = v B + v b = 480 + 10 

= 490 Hz. On loading A, v A decreases. Hence v h = v A — v B 
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will decrease. Since v h is observed to decrease to 5, v A 
must be greater than v B . 

(a) Hence before loading, v A = 490 Hz 


(b) After loading v A = 490 - 5 = 485 Hz 


'(Q EXAMPLE 32 A metal wire of diameter 1.5 mm 
is held on two knife edges separated by a distance of 50 
cm. The tension in the wire is 100 N. The wire vibrating 
with its fundamental frequency and a vibrating tuning fork 
together produce 5 beats per second. The tension in the 
wire is then reduced to 81 N. When the two are excited, 
beats are heard at the same rate. Calculate (a) the frequency 
of the fork, and (b) the density of the material of the wire. 



SOLUTION 


(a) Let N be the frequency of the tuning fork. Then, the 
frequency of the wire, when the tension is 100 N 
will be (N + 5) and when the tension is 81 N, it is 
(;V - 5); since in each case 5 beats are heard per 
second. Hence 


_i_ [f[ = i fioo = _io_ 

2L V/w 2 x0.5 V m 4m 


and N - 5 = 


_L K 

2L V m 


1 fin 

2 x 0.5 V m 




Subtracting (ii) from (i) we have 
1 


10 = 


\fm 


or in = 0.01 kg m 


l 


Using this value of m in (i) or (ii) gives N= 95 Hz. 


,, XT 2 nd*p 

(b) Now m = nr p = 


4 

k-3 


Putting d= 1.5 x 10 ' m and m = 0.01 kg m \ we get 
p = 5.7 x 10 3 kg m 3 


20. Doppler Effect in Sound 


The apparent change in frequency of sound heard by an 
observer due to a relative motion between the observer and 
the source of sound is called the Doppler effect. 

The expressions for the apparent frequencies are as 
follows: 


1. Source approaching a stationary observer 


v, = v 


/ * x 


v-u 


s / 


where v = real frequency 

v = velocity of sound 
w s = velocity of source 


2. Source receding from a stationary observer 


v 2 = v 


v 


17 + U 


s J 


3. Observer approaching a stationary source of sound 


v + u 


o 


V 7 = V 

V J 

where u 0 = velocity of observer 

4. Observer receding from a stationary source of sound 

(v- u 0 \ 

v 4 = v -- 

V v 

5. Both approaching each other 


v 5 = v 


\V-U X J 


6 . Both receding from each other 


v 6 = v 




V + 


.y J 


7. Source approaching a receding observer 


v 7 = v 


/ v - U(\ x 


V-"s) 


8 . Observer approaching a receding source 


v 8 = v 


r v + u4 







1. If the source of sound moves, the apparent 
change in frequency is due to change in 
Note wavelength; the speed of sound remaining 

the same. 

2. If the observer moves, the apparent change in 
frequency is due to change in the speed of sound 
relative to the observer; the wavelength of sound 
remaining the same. 






9. When the source of sound goes past a stationary 
observer, the apparent change in the frequency of 
sound is given by 


Av = 


2 v u s v 

( v2 ~ u ?) 


If w s « 17, then v 2 - w 2 s = v 2 , then 

2u..v 


Av = 


v 


10. When the observer goes past a stationary source of 
sound, the apparent change in frequency of sound is 
given by 
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Av = 


2 »o v 

V 


11. Effect of the Motion of the Medium The velocity 
of material or mechanical waves is affected by the 
motion of the medium. If the medium is moving with 
a velocity u m in the direction of propagation of sound, 
the effective velocity of sound is increased from v to 
(v - u m ). In this case, v is replaced by (v + u m ) in the 
above expressions. On the other hand, if the medium 
is moving with a velocity u m in a direction opposite 
to the direction of wave propagation, v is replaced by 

- «»)■ 


21. Doppler Effect in Light 

If a star emitting light of frequency v goes away from the 
earth with a speed v, the apparent frequency v' of the light 
reaching the earth is given by 



V c + v J 


where c is the speed of light. Since v = c/X and v' = c/X\ 
we have 


or 


or 


or 



X' 

r_ 

X 


c + v 



c 


A'-A _ v 
X c 

A X _ v 
X c 


The apparent change in wavelength AA is called the 
Doppler shift. If the wavelength of light reflected from a 
moving object decreases, the object is moving towards the 
observer and vice versa. The wavelength of light reflected 
from a galaxy is found to increase. This is called the red 
shift which indicates that the galaxy is receding from us. 
The red shift indicates that the universe is expanding. 

Q EXAMPLE 33 A train standing at the outer signal 
of a railway station is blowing a whistle of frequency 500 
Hz. The speed of sound is 340 ms -1 . 

(i) Find the frequency of the sound of the whistle heard 
by a man standing on the platform when the train 
(a) approaches the platform with a speed of 20 ms 1 
and (b) recedes from the platform with a speed of 20 
ms -1 . 

(ii) What is the speed of sound in each case? 

(iii) What is the wavelength of sound heard by the man 
in each case? 



SOLUTION 


v = 340 m s 1 


v = 500 Hz, z/ s = 20 m s ', 


(i) (a) Train approaching 


vv 

v, = - 

v - u s 


500x340 
340 - 20 


= 531 Hz 


(b) Train receding 



vv 

V + u s 


500x340 
340 + 20 


= 472 Hz 


(ii) Since the observer is at rest, the speed of sound 
relative to him is v = 340 m s 1 in cases (a) and (b). 

(iii) Now, wavelength 


speed of sound relative to observer 
frequency of sound heard by him 


In case (a) 


a v 340 c\ s \ 

A, = — = - = 0.64 m 


v, 


531 


In case (b) 


A',= 


V 


V, 


340 

472 


= 0.72 m 


EXAMPLE 34 A train standing at a platform is 
blowing a whistle of frequency 500 Hz in still air. The speed 
of sound in still air is 340 m s 1 . (i) What is the frequency of 
the sound of the whistle heard by a man on a trolley which 
is moving (a) towards the engine with a speed of 20 m s 1 
and (b) away from the engine with a speed of 20 m s -1 ? 

(ii) What is the speed of sound heard by the man in each case? 

(iii) What is the wavelength of sound heard by the man in 
each case? 


SOLUTION v = 500 Hz, u 0 = 20 m s’ 1 , v = 340 


m s 


-l 


(i) (a) Observer approaching 


v%= v(p + "o) = 500 x (34 0+ 20) _ 529]]y 


v 


340 


(b) Observer receding 

v = v ( p -»o) = 500 X (340-20) 

2 v 340 

(ii) Since the observer is moving, the speed of sound 
heard by him in case (a) is (v - z/ 0 ) = 340 + 20 = 
360 m s 1 and case (b) it is (v - u 0 ) = 340 - 20 = 320 
m s’ 1 , 

..... ___ . _ speed of sound relative observer 

(m) Wavelength = - 

frequency of sound heard by him 

In case (a) A% = +?/() = = 0.68 m 

V 2 529 
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In case (b) 


- v-u 0 320 
v 2 471 


= 0.68 m 


Notice that A 2 = A' 2 . 

© EXAMPLE 35 An ambulance blowing a siren of 
frequency 700 Hz is travelling towards a vertical reflecting 
wall with a speed of 2 ms 1 2 . If the speed of sound is 
350 m s calculate the number of beats heard in one 
second by 

(a) the driver of the ambulance, 

(b) a person standing between the ambulance and the 
wall, and 

(c) a person standing behind the ambulance. 

SOLUTION 


(a) The driver will hear two sounds, one coming directly 
from the siren and the other reflected at the wall 
or coming from the acoustic image of the car. v = 
frequency of direct sound = 700 Hz. The reflected 
sound can be imagined to be coming from the mirror 
image (shown dotted in Fig. 10.29). 

The observer (driver) is approaching this image- 
source which is also approaching him with the same 
speed. Hence, the frequency of sound heard by him 
is given by (w 0 = w s ) 


v =v 


=700x 350 + 2 =708 Hz 


v - u. 


350-2 


Number of beats heard per second = v' - v= 708 
700 = 8 


Beat frequency = 8 Hz 


Reflecting wall 


ff 

• it 

“ ,\\U/_ 

1 i 

( 

= ... / 

V 

# _ o o _ # 

'l ' 1 

R Ambulance car A 

Acoustic image 


Fig. 10.29 

(b) A person standing at A will hear two sounds, one 
from the siren approaching him and the other from 
the mirror image of the siren also approaching him 
with the same speed. Hence he will hear no beats. 

(c) A person standing at B will hear two sounds, one 
from the siren receding from him and the other from 
the mirror image of the siren approaching him with 
the same speed. 

v, = v 


v 2 = v 


< v ' 


K v + U s) 


= 700 x 


350 


350 + 2 


= 696 Hz 


/ 


v 


\ 


{ v - U K 


= 700 x 


350 


350-2 


= 704 Hz 


Beat frequency = v 2 - v, = 704 - 696 = 8 Hz 


i 

SECTION 


Multiple Choice Questions with One Correct Choice 


1. A person measures the time period of a simple 
pendulum inside a stationary lift and finds it to be 
T. If the lift starts accelerating upwards with an 
acceleration of g/3, the time period of the pendulum 
will be 


(a) & T 
(c) 77 V3 


(b) 


n/3F 


(d) 773 


2. A hollow metallic sphere filled with water is hung 
from a support by a long thread. A small hole is made 
at the bottom of the sphere and it is oscillated. How 
will the time period of oscillations be affected as 
water slowly flows out of the hole? 


(a) The time period will remain unchanged as water 
is flowing out 

(b) The time period will keep increasing until the 
sphere is empty 

(c) The time period will keep decreasing until the 
sphere is empty 

(d) The time period will increase at first, then de¬ 
crease until the sphere is empty; finally the pe¬ 
riod will be the same as that when the sphere was 
full of water 

3. A simple pendulum with a brass bob has a time period 
T. The bob is now immersed in a non-viscous liquid 
and oscillated. If the density of the liquid is 1/8 that 
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of brass, the time period of the same pendulum will 
be 



8 2 

(c) T (d )T 

4. A simple harmonic motion is given by the equation 

jt=3sin3/r/ + 4 cos 3 n t 
where x is in metres. The amplitude of the motion is 
(a) 3 m (b) 4 m 

(c) 5 m (d) 7 m 

5. Figure 10.30 shows three identical springs A, B, C. 

When a 4 kg mass is hung on A, it descends by 1 cm. 
When a 6 kg mass is hung on C, it will descend by 
(a) 1.5 cm (b) 3.0 cm 

(c) 4.5 cm (d) 6.0 cm 



4 kg 
(a) 



(b) 


Fig. 10.30 


6 . A spring of force constant k is cut into two equal 
halves. The force constant of each half is 

(a) kl 72 (b) k/2 

(c) k (d) 2k 

7. Two springs of equal lengths and equal cross- 
sectional areas arc made of materials whose Young’s 
modulii are in the ratio of 3 : 2. They are suspended 
and loaded with the same mass. When stretched and 
released, they will oscillate with time periods in the 
ratio of 

(a) 73 : 72 (b) 3 : 2 

(c) 3 73 : 2 72 (d) 9 : 4 

8 . Two bodies A and B of equal masses are suspended 
from two separate springs of force constants A', and 
k 2 respectively. If the two bodies oscillate such that 
their maximum velocities are equal, the ratio of the 
amplitudes of oscillation of A and B will be 


Oscillations and Waves 10.29 


(a) k l /k 2 
(c) k 2 l 


(b) 7*, / k 2 
(d) yjk 2 /k { 


9. Two springs A and B have force constants A', and k 2 
respectively. The ratio of the work done on A to that 
done on B in increasing their lengths by the same 
amount is 


(a) k\/k : 
(c) k 2 /k ] 


(b) yjk, / A'2 

(d) 7 m 


10. Two springs A and B have force constants A', and k 2 
respectively. The ratio of the work done on A to that 
done on B when they are stretched by the same force is 

(a) kjk 2 (b) yjk { I k 2 


(c) k 2 lk x (d) yjk 2 / k x 

11. A spring of force constant k is cut into three equal 

pieces. If these three pieces are connected in parallel, 
the force constant of the combination will be 

(a) k! 3 (b) k 

(c) 3A (d) 9k 

12. A simple harmonic motion of amplitude A has a time 
period T. The acceleration of the oscillator when its 
displacement is half the amplitude is 

2 n-A 


(a) 


4 k 1 A 


(c) 


4n~ A 


(b) 


(d) 


T 1 

In 1 A 


13. A body oscillates harmonically with amplitude 
0.05 m. At a certain instant of time its displacement 
is 0.01 m and acceleration is 1.0 ms 2 . What is the 
period of oscillation? 


(a) 0.1 s 

(c) — s 

10 


(b) 0.2 s 

(d) f S 


14. In Q. 13, what is the maximum velocity of the body? 


(a) 0.25 ms 


-i 


(b) 0.5 ms 


(c) 0.75 ms 1 (d) 1.0 ms 

15. The displacement x (in centimetres) of an oscillating 
particle varies with time / (in seconds) as 


-i 


x = 2 cos 


0.5/r/ + — 
3 


V -3 J 

The magnitude of the maximum acceleration of the 
particle is 


(a) — ems 2 
2 


(b) — ems 2 
4 


(c) 


Tt 


ems 


(d) 


71 


ems 
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16. A particle executes SHM of amplitude 25 cm and 
time periods 3 s. What is the minimum time required 
for the particle to move between two points located 
at 12.5 cm on either side of the mean position? 

(a) 0.25 s (b) 0.5 s 

(c) 0.75 s (d)1.0s 

17. A body executing linear simple harmonic motion has 
a velocity of 3 ems 1 when its displacement is 4 cm 
and a velocity of 4 ems" 1 when its displacement is 
3 cm. What is the amplitude of oscillation? 

(a) 5 cm (b) 7.5 cm 

(c) 10 cm (d) 12.5 cm 

18. In Q. 17, the time period of oscillation is 

(a) 4.12 s (b) 6.28 s 

(c) 9.42 s (d) 12.56 s 

19. IfQ. I 7, if the mass of the oscillator is 50 g, the total 
energy of the oscillator will be 

(a) 4.25 x 10 5 J (b) 5.25x10 5 J 

(c) 6.25 x 1(T 5 J (d) 7.25 x 10~ 5 J 

20. A particle is executing linear simple harmonic motion 
of amplitude A. What fraction of the total energy is 
kinetic when the displacement is half the amplitude? 


(a) 


1 
4 

(c) i 


(b) 


2V2 


(d >; 


21. In Q. 20, at what displacement is the energy of the 
oscillator half potential and half kinetic? 


<ai 7 


ml 


22. A horizontal platform is executing simple harmonic 
motion in the vertical direction of frequency v. A 
block of mass m is placed on the platform. What is 
the maximum amplitude of the platform so that the 
block is not detached from it? 


system begins to execute simple harmonic motion 
of amplitude A and angular frequency c 0 . The total 
energy of the mass-spring system will be 



- mA 2 (0 2 
2 


(b) — m A 2 CO 2 + — ky 2 
2 2 * 


(C) \ ky 2 


(d) — inA 2 (Q 2 - — ky 2 
2 2 ' 


24. A small trolley of mass 2 kg resting on a horizontal 
frictionless turntable is connected by a light spring 
to the centre of the table. The relaxed length of the 
spring is 35 cm. When the turntable is rotated an 
angular frequency of 10 rad s 1 , the length of the spring 
becomes 40 cm. What is the force constant of the 
spring? 

(a) 1.2 x 10 3 Nm" 1 (b) 1.6 x 10 3 Nm 1 

(c) 2.0 x 10 3 Nrrf 1 (d) 2.4 x 10 3 Nm 1 


25. Two springs of force constants A', and k 2 are connected 
to a mass m placed on a horizontal frictionless surface 
as shown in Figs 10.31 (a) and (b). What is the ratio 
of the time periods of horizontal oscillation in cases 
(a) and (b) if A:, = A r 2 ? 




(c) 2 


(d) 4 






A 

■ 


(a) 



a 


'jqqooooO 
0 () 0 0 () () 0 


m 


/TTDOOfX 


Z- 


7777777, 


(b) 


r/ 

V. 


(a) 

8 

(b) 

ms 

4/rV 

4/rv 2 

(c) 

8 

(d) 

ms 

2n 2 v 2 

2 n 2 v 2 


23. A spring of negligible mass having a force constant k 
extends by an amount^ when a mass m is hung from 
it. The mass is pulled down a little and released. The 


Fig. 10.31 

26. Two springs of force constants k ] and k 2 are connected 
to a mass m as shown in Figs. 10.32 (a) and (b). What 
is the ratio of the time periods of vertical oscillation 
in cases (a) and (b) if A', = k{! 

(a) 3 (b) i 

(c) 2 (d) 4 
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27. A simple pendulum of bob mass m is oscillating with 
an angular amplitude a m (in radians). The maximum 
tension in the string is 

(a) mg (b) mg a m 

(c) mg a~ (d) mg (1 + a 2 ) 

28. In. Q. 27, the kinetic energy of the bob when it passes 
through the mean position is (/ is the length of the 
string) 

(a) mgl al (b) mgl (1 + a, 2 „) 

(c) mgl (1 + cos aj (d) mgl (1 - cos a m ) 

29. A particle is executing simple harmonic motion. Its 
displacement is given by 

x = 5 sin nt 

where x is in cm and t in seconds. How long will the 
particle take to move from the position of equilibrium 
to the position of maximum displacement? 

(a) 0.5 s (b) 1.0 s 

(c) 1.5 s (d) 2.0 s 

30. A simple pendulum is moving simple harmonically 
with a period of 6 s between two extreme position B 
and C about a point O. I f the angular distance between 
B and C is 10 cm, how long will the pendulum take 
to move from position C to a position D exactly 
midway between O and C ? 

(a) 0.5 s (b) 1.0 s 

(c) 1.5 s (d) 3 s 

31. When a mass m is hung from the lower end of 
a spring of negligible mass, an extension x is 
produced in the spring. The mass is set into vertical 
oscillations. The time period of oscillation is 


(a) T=2k 



(b) T=2k 



(c) T=2k 



(d) T= 2k 



32. A small spherical steel ball is placed a little away 
from the centre of a large concave mirror of radius of 
curvature R = 2.5 m. The ball is then released. What 
is the time period of the motion? Neglect friction and 
take g = 10 ms . 

K K 

(a) — sec (b) — sec 

4 2 


33. 


34. 


(c) /rsec (d) 2 /rsec 

Two masses />?, and m 2 are suspended 
together by a massless spring of force 
constant k (see Fig. 10.33). When the 
masses are in equilibrium, mass m { is 
removed without disturbing the system. 
The angular frequency of oscillation of 
mass m 2 is 




- k 


m i 
m 2 

Fig. 10.33 


(c) 


k nit 


v 


(d) 


m 


f k nv 




2 V "M 

In Q. 33, the amplitude of oscillation of mass m 2 is 


(a) 

™ 2 g 

(b) 

M\g 

k 

k 

(c) 

m\g 

I 

(d) 

wf g 


m x k 


m 2 k 


35. When a wave travels in a medium, the particle 
displacements are given by 

y(x, t) = 0.03 sin n(2t - 0.01 x) 

where y and x are in metres and t in seconds. The 

wavelength of the wave is 

(a) 10 m (b) 20 m 

(c) 100 m (d) 200 m 

36. The velocity of the wave in Q. 35 is 

(a) 100 ms -1 (b) 200 ms -1 

(c) 300 ms 1 (d) 400 ms -1 

37. What is the phase difference, at a given instant of 
time, between two particles 25 m apart, when the 
wave of Q. 35 above travels in a medium? 

(a) k! 8 (b) n! 4 

(c) k12 (d) n 

38. Transverse wave of amplitude 10 cm is generated at 
one end (x = 0) of a long string by a tuning fork of 
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frequency 500 Hz. At a certain instant of time, 
the displacement of a particle A at x = 100 cm is 
- 5 cm and of particle B at x = 200 cm is + 5 cm. 
What is the wavelength of the wave? 

(a) 2 m (b) 3 m 

(c) 4 m (d) 5 m 

39. How long does the wave of Q. 38 take to travel from 
A to B? 

(a) 10 s (b) 1 s 

(c) 10“ 3 s (d) 10“ 2 s 

40. Transverse waves of the same frequency arc 
generated in two steel wires A and B. The diameter 
of A is twice that of B and the tension in A is half that 
in B. The ratio of the velocities of waves in A and B 
is 

(a) 1 : 2 (b) 1 : 

(c) 1 : 2 V2 (d) 3 : 2 V 2 

41. A sonometer wire, with a suspended mass of M = 
1 kg, is in resonance with a given tuning fork. The 
apparatus is taken to the moon where the acceleration 
due to gravity is 1/6 that on earth. To obtain resonance 
on the moon, the value of M should be 

(a) 1 kg (b) ^6 kg 

(c) 6 kg (d) 36 kg 

42. A source of sound vibrates according to the equation 
y = 0.05 cos n t. It sends out waves of velocity 
1.5 ms \ The wavelength of the waves is 

(a) 1.5 m (b) 3.0 m 

(c) 4.5 m (d) 6.0 m 

43. Two identical waves, each of frequency 10 Hz, are 
travelling in opposite directions in a medium with a 
speed of 20 cm s" 1 . The distance between adjacent 
nodes is 

(a) 1.0 cm (b) 1.2 cm 

(c) 1.5 cm (d) 2.0 cm 

44. Particle displacements (in cm) in a standing wave are 
given by 

y (jc, t) =2 sin (0.1 kx) cos (100 ret). 

The distance between a node and the next antinode 
is 

(a) 2.5 cm (b) 5.0 cm 

(c) 7.5 cm (d) 10.0 cm 

45. An observer moves towards a stationary source 
of sound with a velocity one-tenth the velocity of 
sound. The apparent increase in frequency is 

(a) zero (b) 5% 

(c) 10% (d) 0.1% 


46. Two parts of a sonometer wire, divided by a movable 
knife-edge, differ in length by 1 cm and produce 1 
beat per second when sounded together. If the total 
length of the wire is 100 cm, the frequencies of the 
two parts of the wire are 

(a) 51 Hz, 50 Hz (b) 50.5 Hz, 49.5 Hz 

(c) 49 Hz, 48 Hz (d) 49.5 Hz, 48.5 Hz 

47. A stone hangs from the free end of a sonometer wire 
whose vibrating length, when tuned to a tuning fork, 
is 40 cm. When the stone hangs wholly immersed in 
water, the resonant length is reduced to 30 cm. The 
relative density of the stone is 

(a) 16/9 (b) 16/7 

(c) 16/5 (d) 16/3 

48. A pipe closed at one end and open at the other will 
give 

(a) all the harmonics (b) all even harmonics 

(c) all odd harmonics (d) none of the harmonics 

49. A cylindrical tube, open at both ends, has fundamental 
frequency n. If one of the ends is closed, the 
fundamental frequency will become 

(a) nil (b) n 

(c) 2 n (d) 4 n 

50. An organ pipe, open at both ends and another organ 
pipe, closed at one end, will resonate with each other, 
if their lengths arc in the ratio of 

(a) 1 : 1 (b) I : 4 

(c) 2 : 1 (d) 1 : 2 

51. A tuning fork of frequency 340 Hz is sounded above 
a cylindrical tube 1 m high. Water is slowly poured 
into the tube. If the speed of sound is 340 ms ', at 
what levels of water in the tube will the sound of the 
fork be appreciably intensified? 

(a) 25 cm, 75 cm (b) 20 cm, 80 cm 

(c) 15 cm, 85 cm (d) 17 cm, 83 cm 

52. A sonometer wire, 65 cm long, is in resonance with a 
tuning fork of frequency N. If the length of the wire 
is decreased by 1 cm and it is vibrated with the same 
tuning fork, 8 beats are heard per second. What is the 
value of N7 

(a) 256 Hz (b) 384 Hz 

(c) 480 Hz (d) 512 Hz 

53. Two organ pipes, each closed at one end, give 5 
beats per second when emitting their fundamental 
notes. If their lengths are in the ratio of 50 : 51, their 
fundamental frequencies (in Hz) are 

(a) 250, 255 (b) 255, 260 

(c) 260, 265 (d) 265, 270 
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54. Two sources A and B are sounding notes of frequency 
680 Hz. A listener moves from A to B with a constant 
velocity u. If the speed of sound is 340 ms \ what 
must be the value of u so that he hears 10 beats per 
second? 

(a) 2.0 ms 1 (b) 2.5 ms 1 

(c) 3.0 ms 1 (d) 3.5 ms 1 

55. A hospital uses an ultrasonic scanner of frequency 
3.2 MHz to locate tumours in a tissue. What is the 
wavelength of ultrasonic waves in a tissue in which 
the speed of the waves is 1.6 km s '? 

(a) 0.25 mm (b) 0.5 mm 

(c) 0.75 mm (d) 1 cm 

56. A bat flying above a lake emits ultrasonic sound of 
100 kHz. When this wave falls on the water surface, 
it is partly reflected and partly transmitted. What 
are the wavelengths of the reflected and transmitted 
waves? The speed of sound in air is 340 m s 1 and in 
water 1450 m s _l . 

(a) 6.8 mm and 2.9 cm 

(b) 3.4 mm and 1.45 cm 

(c) 3.4 mm and 7.8 mm 

(d) 6.8 mm and 1.45 cm 

57. Standing waves are produced by the superposition of 
two waves 

y x = 0.05 sin (3 nt - 2jc) 
and y 2 = 0.05 sin (3/r/ + 2x ) 


where x and y are expressed in metres and t is in 
seconds. What is the amplitude of a particle at x = 
0.5 m. Given cos (57.3°) = 0.54. 

(a) 2.7 cm (b) 5.4 cm 

(c) 8.1 cm (d) 10.8 cm 

58. The transverse displacement of a string fixed at both 
ends is given by 


y = 0.06 sin 


2 71 x^ 

~T~ j 


COS (120 7T/) 


where v and y are in metres and / is in seconds. The 

—7 

length of the string is 1.5 m and its mass is 3.0 x 10 " 
kg. What is the tension in the string? 

(a) 648 N (b) 724 N 

(c) 832 N (d) 980 N 

59. A pipe of length 20 cm is closed at one end. Which 
harmonic mode of the pipe is resonantly excited by 
a 425 Hz source? The speed of sound = 340 ms -1 . 

(a) First harmonic (b) Third harmonic 

(c) Fifth harmonic (d) None 


60. A pipe of length 20 cm is open at both ends. Which 
harmonic mode of the pipe is resonantly excited by 
a 1700 Hz source? The speed of sound = 340 ms -1 . 


(a) First harmonic (b) Second harmonic 

(c) Third harmonic (d) Fourth harmonic 

61. Two tuning forks A and B produce 10 beats per second 

when sounded together. On slightly loading fork A 
with a little wax, it was observed that 15 beats are 
heard per second. If the frequency of fork B is 480 Hz, 
what is the frequency of fork A before it was loaded? 
(a) 465 Hz (b) 470 Hz 

(c) 490 Hz (d) 495 Hz 

62. In Q. 61, what is the frequency of fork A after it is 
loaded? 

(a) 465 Hz (b) 470 Hz 

(c) 490 Hz (d) 495 Hz 

63. Two sitar strings A and B arc slightly out of tunc and 
produce beats of frequency 6 Hz. When the tension 
in string A is slightly decreased, the beat frequency is 
found to be reduced to 3 Hz. If the original frequency 
of A is 324 Hz, what is the frequency of B1 

(a) 318 Hz (b) 321 Hz 

(c) 327 Hz (d) 330 Hz 

64. A metal wire of diameter 1 mm is held on two knife 
edges separated by a distance of 50 cm. The tension 
in the wire is 100 N. The wire vibrating with its 
fundamental frequency and a vibrating tuning fork 
together produce 5 beats per second. The tension in 
the wire is then reduced to 81 N. When the two are 
excited, beats are heard at the same rate. What is the 
frequency of the fork? 

(a) 90 Hz (b) 95 Hz 

(c) 100 Hz (d) 105 Hz 

65. An ambulance blowing a siren of frequency 700 Hz 
is travelling slowly towards a vertical reflecting wall 
with a speed of 2 ms V The speed of sound is 350 
ms '. How many beats are heard by the driver per 
second? 

(a) 4 (b) 6 

(c) 8 (d) 10 

66. Two persons A and B , each carrying a source of sound 
of frequency v, are standing a few metres apart in a 
quiet field. A starts moving towards B with a speed it. 
If v is the speed of sound, the number of beats heard 
per second by A will be 


(a) 

vu 

V 

(b) 

2vu 

V 

(c) 

vu 

(d) 

vu 

{v + u) 

C v-u) 


67. In Q. 66, what is the number of beats heard per 
second by person /?? 
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(a) 

vu 

V 

(b) 

2 vu 

V 

(c) 

vu 

(d) 

vu 

{v + u) 

ip-. 


68 . A submarine is fitted with a SONAR (Sound 
Navigation and Ranging) system which operates 
at an ultrasonic frequency of 42 kHz. An enemy 
submarine is moving towards the SONAR with a 
speed of 200 ms 1 . If the speed of sound in seawater 
is 1400 ms \ what is the frequency of sound received 
back at the SONAR fitted submarine after reflection 
from the enemy submarine? 

(a) 36 kHz (b) 42 kHz 

(c) 48 kHz (d) 56 kHz 

69. A machine gun is mounted on a tank moving at 
a speed of 20 ms 1 towards a target with the gun 
pointing in the direction of motion of the tank. The 
muzzle speed of the bullet equals the speed of sound 
= 340 ms 1 . If, at the time of firing, the target is 500 m 
away from the tank, then 

(a) the sound arrives at the target later than the bullet 

(b) the sound arrives at the target earlier than the 
bullet 

(c) both sound and bullet arrive at the target at the 
same time 

(d) the bullet will never arrive at the target. 

70. When a wave travels in a medium, the particle 
displacements are given by 

y = a sin 2 n{bt - ex) 

where c/, h and c are constants. The maximum particle 
velocity will be twice the wave velocity if 

(a) c = — (b) c = Ka 

K a 


(c) h = ac (d) h — — 

ac 

71. Three sound waves of equal amplitudes have 
frequencies (v- 1), (v) and (v + 1). They superpose 
to give beats. The number of beats produced per 
second will be 

(a) v (b) V - 

(c) 2 (d) 1 

72. The speed of sound in a gas is v and the root mean 
square speed of gas molecules is i> rms . If the ratio of 
the specific heats of the gas y= 1.5, then the ratio 
v/v ims is 


(a) 1 : 2 (b) 1 : 4l 

(c) 1 : V3 (d) 1 : 3 

73. The speed of sound in hydrogen at STP is v. The 
speed of sound in a mixture containing 3 parts of 
hydrogen and 2 parts of oxygen at STP will be 




v 

Ts 



74. The speed of sound in hydrogen at STP is v. What is 
the speed of sound in helium at STP? 


(c) V2 


V 



(d) 2 v 


75. Nine tuning forks are arranged in order of increasing 
frequency. Each tuning fork produces 4 beats per 
second when sounded with either of its neighbours. 
If the frequency of the 9th tuning fork is twice that 
of the first, what is the frequency of the first tuning 
fork? 


(a) 32 Hz (b) 40 Hz 

(c) 48 Hz (d) 56 Hz 

76. A sonometer wire of length 120 cm is divided into 

three segments of lengths in the ratio of 1 : 2 : 3. 
What is the ratio of their fundamental frequencies? 
(a) 3 : 2 : 1 (b) 4 : 2 : 1 

(c) 5:3:2 (d) 6 : 3 : 2 

77. A tuning fork produces 4 beats per second when 
sounded with a sonometer of vibrating length 48 
cm. It produces 4 beats per second also when the 
vibrating length is 50 cm. What is the frequency of 
the tuning fork? 

(a) 196 Hz (b) 284 Hz 

(c) 375 Hz (d) 460 Hz 

78. Two identical strings of a stringed musical instrument 
are in unison when stretched with the same tension. 
When the tension in one string is increased by 1%, 
the musician hears 4 beats per second. What was 
the frequency of the note when the strings were in 
unison? 


(a) 796 Hz (b) 800 Hz 

(c) 804 Hz (d) 808 Hz 

79. Two identical flutes produce fundamental notes of 
frequency 300 Hz at 27°C. If the temperature of the 
air in one flute is increased to 31°C, the number of 
beats heard per second will be 
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(a) 1 (b) 2 

(c) 3 (d) 4 

80. Radiowaves of frequency 600 MHz are sent by a 
radar towards an enemy aircraft. The frequency of the 
radiowaves reflected from the aircraft as measured at 
the radar station is found to increase by 6 kHz. It 
follows that the aircraft is 

(a) approaching the radar station with a speed 
1.5 kms -1 

(b) going away from the radar station with a speed 
1.5 kms' 1 

(c) approaching the radar station with a speed 
3 kms -1 

(d) going away from the radar station with a speed 
3 kms -1 . 

81. Two simple harmonic motions are given by 

a . V3 a 

Xi = — sin cot + - cos cot 

2 2 

and * 2 = a sin cot + a cos cot 

What is the ratio of the amplitude of the first motion 
to that of the second? 


(c) 72 


82. In Q. 81 above, the minimum phase difference 
between the two simple harmonic motions is 

(a) 60° (b) 45° 

(c) 30° (d) 15° 

83. The ends of a rod of length / and mass m are attached 
to two identical springs as shown in Fig. 10.34. The 
rod is free to rotate about its centre O. The rod is 
depressed slightly at end A and released. The time 
period of the resulting oscillation is 

/ /// // /// / 



84. A uniform metre scale of length 1 m is balanced on 
a fixed semi-circular cylinder of radius 30 cm as 
shown in Fig. 10.35. One end of the scale is slightly 
depressed and released. The time period (in seconds) 
of the resulting simple harmonic motion is (Take g = 
10 ms 2 ) 



Fig. 10.35 

85. The bob of a simple pendulum has a mass m and it 
is executing simple harmonic motion of amplitude 
A and period T. It collides with a body of mass m 0 
placed at the equilibrium position which sticks to 
the bob. The time period of the oscillation of the 
combined masses will be 

(a) T (b) T 

(c) T (d) T 

V m - m 0 

86. In Q. 85 above, the amplitude of the oscillation of the 
combined masses will be 

(a) A (b) A 

(c) A ——— (d) A 

V m - m 0 

87. A simple pendulum of length / is suspended from the 
ceiling of a train which is moving in the horizontal 
direction with a constant acceleration a. The time 

period of the pendulum is given by T — 2k 
where g eff is given by 

(a) g (b) (g + a) 

(c) (g - a) (d) ?g 2 +a 2 

88 . A simple pendulum of length / is suspended from 
the ceiling of a trolley which is moving, without 
friction, down an inclined plane of inclination 
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0. The time period of the pendulum is given by 


T=2tt 



, where g cff is given by 


(a) g (b) g sin 6 

(c) g cos 0 (d) g tan 6 

89. One end of a massless spring of relaxed length 50 cm 
and spring constant k is fixed on top of a frictionless 
inclined plane of inclination 9 = 30° as shown in Fig. 
10.36. When a mass m = 1.5 kg is attached at the 
other end, the spring extends by 2.5 cm. The mass is 
displaced slightly and released. The time period (in 
seconds) of the resulting oscillation will be 




2 n 
1 




In 

T 



90. Two particles are executing simple harmonic motions 
of the same amplitude and the same frequency along 
the same straight line and about the same mean 
position. If the maximum separation between them 


is V 2 times the 
between them is 

amplitude, the phase difference 

(a) n 

<»§ 

<•>! 

(d) 7 

4 

A knife-edge divides a sonometer wire into two parts. 
The fundamental frequencies of the two parts are v, 
and v 2 . The fundamental frequency of the sonometer 
wire when the knife-edge is removed will be 

(a) Vj + v 2 

(b) - (v, + v 2 ) 

(c) Vv,v 2 

(d) 

v,+v 2 


92. A sonometer wire is stretched by a hanging metal 
bob. Its fundamental frequency is v,. When the bob 


is completely immersed in water, the frequency 
becomes v 2 . The relative density of the metal is 






(c) —(d) 

Vi - v 2 v, - v 2 

93. The potential energy of a particle executing simple 
harmonic motion at a distance x from the equilibrium 
position is proportional to 


(a) yfx (b) x 

(c) X 2 (d) * 3 

94. Two blocks A and B , each of mass m, are connected 
by a massless spring of natural length L and spring 
constant k. The blocks are initially resting on a 
smooth horizontal floor with the spring at its natural 
length. A third identical block C, also of mass m, 
moving on the floor with a speed v along the line 
joining A and B , collides with A (see Fig. 10.37). 
Then 



>- v 






Fig. 10.37 


(a) the kinetic energy of A - B system at maximum 
compression of the spring is zero. 

(b) the kinetic energy of A - B system at maximum 
compression of the spring is mv 2 !4. 

(c) the maximum compression of the spring is 

v yfin/ic . 

(d) the maximum compression of the spring is 
v 'l2 m Ik . 

95. The displacement y of a particle executing simple 
harmonic motion is given by 


y 


= 4 cos 2 


<2j 


sin (1000 /) 


This expression may be considered to be a result 
of the superposition of how many simple harmonic 
motions? 


(a) two (b) three 

(c) four (d) five 

96. One end of a long metallic wire of length L is tied 
to the ceiling. The other end is tied to a massless 
spring of spring constant K. A mass m hangs freely 
from the free end of the spring. The area of cross- 
section and Young’s modulus of the wire are A and Y 
respectively. If the mass is slightly pulled down and 
released, it will oscillate with a time period given by 
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(a) 2K 



(b) 2 /r 


(YA + KL) m 
YAK 


nl/2 


(a) 2n 


geos a 


(b) 2n 


gsina 


(c) 2k 


( m YA N 

a:i 


(d) 2 k 


JAj 


97. A rigid cubical block A of mass M and side L is fixed 
rigidly on to another cubical block B of the same 
dimensions and of modulus of rigidity r\ such that the 
lower face of A completely covers the upper face of 
B. The lower face of B is rigidly held on a horizontal 
surface. A small F is applied perpendicular to one 
of the side faces of A. After the force is withdrawn, 
block A executes small oscillations, the time period 
of which is 

(a) 2k yjMrjL (b) 2 n 



(c) 2k 



(d) 2k 



98. A particle of mass m moves on the x-axis as follows: it 
starts from rest at / = 0 from the point x = 0 and comes 
to rest at t = 1 at the point x= 1. No other information 
is available about its motion at intermediate time 
(0 < t < 1). If a denotes the instantaneous acceleration 
of the particle, then 

(a) a can remain positive for all t in the interval 
0<t< 1. 

(b) | or| cannot exceed 2 at any point in its path. 

(c) |a | must be > 4 at some point or points in its path. 

(d) a must change sign during the motion, but no 
other assertion can be made with the information 
given. 

99. A particle free to move along the .v-axis has potential 
energy given by 

U (.v) = k[ 1 - exp (- x 2 )] for - oo < x < + °o 
where k is a constant of appropriate dimensions. 
Then 


(a) at points away from the origin, the particle is in 
unstable equilibrium 

(b) for any finite nonzero value of x, there is a force 
directed away from the origin 

(c) if its total mechanical energy is k! 2 , it has its 
minimum kinetic energy at the origin 

(d) for small displacements from x = 0 , the motion is 
simple harmonic. 

100. The period of oscillation of a simple pendulum of 
length L suspended from the roof of a vehicle which 
moves without friction down an inclined plane of 
inclination a, is given by 


(c) 2k 



(d) 2n 


L 


g tan a 


101. A spring of force constant k is cut into two pieces 
such that one piece is double the length of the other. 
Then the longer piece will have a force constant of 

(a) | k (b) | k 

(c) 3 k (d) 6 k 

102. A wave represented by the equation y = a cos ( kx-(Ot) 
is superposed with another wave to form a stationary 
wave such that the point x = 0 is a node. The equation 
of the other wave is 

(a) y' = a sin (kx + cot) 

(b) y r = - a cos (kx - cot) 

(c) y f ~ ~ a cos (kx + cot) 

(d) y r - - a sin (kx - cot) 

103. A uniform rope of length 12 m and mass 6 kg hangs 
vertically from a rigid support. A block of mass 2 kg 
is attached to the free end of the rope. A transverse 
pulse of wavelength 0.06 m is produced in the lower 
end of the rope. What is the wavelength of the pulse 
when it reaches the top of the rope? 

(a) 0.06 m (b) 0.03 m 

(c) 0.12 m (d) 0.09 m 

104. A tube closed at one end containing air, produces, 
when excited, the fundamental note of frequency 512 
Hz. If the tube is open at both ends, the fundamental 
frequency that can be excited is (in Hz) 

(a) 1024 (b) 512 

(c) 256 (d) 128 

105. Two sound waves of equal intensity 7 produce beats. 
The maximum intensity of sound produced in beats 
will be 


(a) / (b) 4/ 

(c) 2 / (d) 7/2 

106. Two travelling waves 

y x = A sin [k (x + ct )] and y 2 = A sin [k(x - ct )] 

are superposed on a string. The distance between 
adjacent nodes is 


(a) 

K 

(b) 

(c) 

K 

2k 

(d) 


ct 

2k 


K 

~k 
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107. A train blowing its whistle moves with a constant 
velocity u away from the observer on the ground. 
The ratio of the actual frequency of the whistle to 
that measured by the observer is found to be 1.2. If 
the train is at rest and the observer moves away from 
it at the same velocity, the ratio would be given by 

(a) 0.51 (b) 1.25 

(c) 1.52 (d) 2.05 

108. An organ pipe P,, closed at one end vibrating in its 
first harmonic and another pipe P 2 , open at both ends 
vibrating in its third harmonic, are in resonance with 
a given tuning fork. The ratio of the lengths of P x and 


P 2 is 

<a) 5 
<c) \ 


< 


109. The extension in a string, obeying Hookes' law, is x. 
The speed of the wave in the stretched string is v. If 
the extension in the string is increased to 1.5 x , the 
speed of the wave in the string will be 

(a) 1.22 v (b) 0.61 v 

(c) 1.50 v (d) 0.75 v 

110. A travelling wave in a stretched string is described 
by the equation 

y = A sin ( kx - cot) 

The maximum particle velocity is 


(a) Aco 
d co 


(c) 


d k 


<»! 

(d) - 

t 


111. A transverse sinusoidal wave of amplitude a 
wavelength A and frequency / is travelling on a 
stretched string. The maximum speed at any point on 
the string is v/\ 0 , where v is the speed of propagation 
of the wave. If a = 10 3 m and v = 10 ms then A 
and/are given by 


(a) A= 2k x 10 2 m,/= 


io- 


2 n 


Hz 


(b) A = 10 2 m,f= 10 ' Hz 


(c) A = 10~ 3 m,/= 10 4 Hz 


_ i n 4 


(d) A = 


10 


-2 


2 K 


m,/= 2k x 10 3 Hz 


112. The ratio of the speed of sound in nitrogen gas to that 
in helium gas at 300 K is 




113. Two vibrating strings of the same material but 
lengths L and 2 L have radii 2 r and r, respectively. 
They are stretched with the same tension. Both the 
strings vibrate in their fundamental modes, the one 
of length L with frequency v, and the other with 
frequency v 2 . The ratio Vj/v 2 is given by 

(a) 2 (b) 4 

(c) 8 (d) 1 

114. A particle executes simple harmonic motion between 
x = — A and x = + A. The time taken for it to go from 
0 to A !2 is T, and to go from A/2 to A is T 2 . Then 

(a) T { < T 2 (b) T x > T 2 

(c) T { = T 2 (d) T x = 2T 2 

115. The ends of a stretched wire of length L are fixed at 
x = 0 and x = L. In one experiment, the displacement 
of the wire is y x = A sin ( nx/L ) sin cot and energy 
is £, and in another experiment its displacement is 
y 2 = A sin (2 nx/L) sin 2 cot and energy is E 2 . Then 

(a) E 2 = £j (b) E 2 = 2£, 

(c) E 2 = 4E X (d) E 2 = 1 6E X 

116. A siren placed at a railway platform is emitting sound 
of frequency 5 kHz. A passenger sitting in a moving 
train A records a frequency of 5.5 kHz while the train 
approaches the siren. During his return journey in a 
different train B he records a frequency of 6.0 kHz 
while approaching the same siren. The ratio of the 
velocity of train B to that of train A is 

(a) 242/252 (b) 2 

(c) 5/6 (d) 11/6 

117. A sonometer wire resonates with a given tuning fork 
forming standing waves with five antinodes between 
the two bridges when a mass of 9 kg is suspended 
from the wire. When this mass is replaced by a mass 
M, the wire resonates with the same tuning fork 
forming three antinodes for the same positions of 
the bridges. The value of M is 

(a) 25 kg (b) 5 kg 

(c) 12.5 kg (d) (1/25) kg 

118. A police van, moving at 22 ms -1 , chases a 
motorcyclist. The police man sounds his horn at 176 
Hz, while both of them move towards a stationary 
siren of frequency 165 Hz, as shown in the figure. 
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Police van Motorcycle Stationary siren 

• 22 ms -1 • u m • 

176 Hz 165 Hz 

If the motorcyclist docs not observe any beats, 
his speed must be (take the speed of sound 
= 330 ms' 1 ) 

(a) 33 ms -1 (b) 22 ms -1 

(c) zero (d) 11 ms' 1 

119. For a particle executing simple harmonic motion, 
the displacement x is given by x = A cos co t. Identify 
the graph which represents the variation of potential 
energy (PE) as a function of time t and displacement 
jc. (Fig. 10.38) 


PE 



(a) I, Ill (b) II, IV 

(c) II, III (d) I, IV 

Fig. 10.38 


120. In the experiment for the determination of the speed 
of sound in air using the resonance column, it is 
observed that 0.1 m of air column resonates with 
a tuning fork in the fundamental mode. When the 
length of the air column is changed to 0.35 m, the 
same tuning fork resonates with the first overtone. 
What is the end correction? 

(a) 0.0125 m (b) 0.025 m 

(c) 0.05 m (d) 0.075 m 

121. A body of mass 1 kg is executing simple harmonic 
motion. Its displacement x (in cm) at time t (in 
second) is given by 


x = 6 sin 


100/ -h — 
4 


The maximum kinetic energy of the body is 
(a) 6 J (b) 18 J 

(c) 24 J (d) 36 J 


122. Sound waves of wavelengths 5 m and 6 m produce 30 

beats in 3 seconds. The velocity of sound (in ms ') is 
(a) 300 (b) 310 

(c) 320 (d) 330 

123. Two particles P and Q start from the origin and 
execute simple harmonic motion along x-axis with 
the same amplitude and time periods 3 s and 6 s 
respectively. The ratio of the velocities of P and Q 
when they meet is 

(a) 1:2 (b) 2 : 1 

(c) 2 : 3 (d) 3 : 2 

124. A body is executing simple harmonic motion. At 
a displacement x 9 its potential energy is £, and at 
a displacement y , its potential energy is E 2 . The 
potential energy E at a displacement (jc + y) is 

(a) E x + E 2 (b) y]E{ + E\ 


(c) E x + E 2 + 2yjE x E 2 (d) y]E\ E 2 


125. The frequencies of tuning forks A and B are 
respectively 3% more and 2% less than the frequency 
of fork C. When A and B are simultaneously excited 
5 beats per second are produced. The frequency (in 
Hz) of fork A is 

(a) 98 (b) 100 

(c) 103 (d) 105 

126. A body executes simple harmonic motion under 

4 

the action of a force F, with a time period — s. If 

the force is changed to F 2 it executes S.H.M. with 
3 

time period - s. If both the forces F j and F 2 act 

simultaneously in the same direction on the body, its 
time period in second will be 


(a) 

(c) 


12 

25 

35 

24 


(b) 

(d) 


24 

25 
15_ 
12 


127. If the displacement (jc) and velocity (v) of a particle 
executing simple harmonic motion are related 
through the expression 4v = 25 - x , then its time 
period is 

(a) k (b) 2 n 

(c) 4 n (d) 6 n 

128. The time period of a particle in simple harmonic 
motion is 8 seconds. At t = 0 it is at the mean position. 
The ratio of the distances travelled by it in the first 
and second seconds is: 
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(a) ^ (b) 

(c) -C— (d) 

V2-1 

129. A radar sends a radio signal of frequency 9 x 10 9 
Hz towards an aircraft approaching the radar. If the 
reflected wave shows a frequency shift of 3 x 10 3 
Hz, the speed with which the aircraft is approaching 
the radar, in m/s is (velocity of the radio signal is 
3 x 10 8 m/s) 

(a) 150 (b) 100 

(c) 50 (d) 25 

130. A particle is executing linear simple harmonic motion 
about the origin x = 0. Which of the graphs shown in 
Fig. 10.39 represents the variation of the potential 
energy function U(x) versus xl 






Fig. 10.39 

131. A simple pendulum has a time period of 3.0 s. If the 
point of suspension of the pendulum starts moving 
vertically upward with a velocity v = Kt where 
K = 4.4 ms 2 , the new time period will be (Take 
g = 10 ms 2 ) 

(a) \ s (b) ^ s 

4 3 

(c) 2.5 s (d) 4.4 s 


132. A block is kept on a horizontal table. The table is 
executing simple harmonic motion of time period 
T in the horizontal plane. The coefficient of static 
friction between the block and the table is p. The 
maximum amplitude of the table for which the block 
does not slip on the surface of the table is 


(a) 

UST 

(b) "* r 2 


In 

2 K 2 

(c) 

HgT 1 

A 

(d) HgT 2 


133. One end of a light spring of force constant k is 
fixed to a block A of mass M placed on a horizontal 
frictionless table; the other end of the spring is fixed 
to a wall (Fig. 10.40). A smaller block B of mass m 
is placed on block A. The system is displaced by a 
small amount and released. What is the maximum 
amplitude of the resulting simple harmonic motion 
of the system so that the upper block does not slip 
over the lower block? The coefficient of static 
friction between the two blocks is p. 


(a) A 


max 


k 




Fig. 10.40 

134. A block A of mass m is placed on a frictionless 
horizontal surface. Another block B of the same mass 
is kept on A and connected to the wall with the help of 
a spring of force constant k, as shown in Fig. 10.41. 
The coefficient of friction between blocks A and B 
is p . The blocks move together executing simple 
harmonic motion of amplitude a. The maximum 
value of frictional force between A and B is 
(a) ka (b) kail 

(c) zero (d) p mg 



Fig. 10.41 

135. A simple pendulum attached to the ceiling of a 
stationary lift has a time period T. The distance y 
covered by the lift moving upwards varies with time 
t as y = r where y is in metre and t in second. If 
g = 10 ms" , the time period of the pendulum will be 
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136. Transverse waves are generated in two uniform 
steel wires A and B of diameters 10 3 m and 
0.5 x 10 m respectively, by attaching their free end 
to a vibrating source of frequency 500 Hz. The ratio 
of the wavelengths if they are stretched with the 
same tension is 


(a) I 

(b) 

1 

72 

(c) 2 

(d) 

72 


137. A wire is stretched between two rigid supports with a 
certain tension. It is observed that the wire resonates 
in the /7th harmonic at a frequency of 420 Hz. The 
next higher frequency at which the wire resonates is 
490 Hz. The value of n is 

(a) 2 (b) 4 

(c) 6 (d) 8 

138. A wire of density p, Young’s modulus Y and 
coefficient of linear expansion a is held taut between 
two rigid supports with negligible tension. If the 
room temperature falls by AT, the speed of transverse 
waves in the wire is 


“'JS 

139. The fundamental frequency of a sonometer wire 
increases by 6 Hz if its tension is increased by 44%, 
keeping the length constant. The frequency of the 
wire is 

(a) 24 Hz (b) 30 Hz 

(c) 36 Hz (d) 42 Hz 

140. Which of the following functions represents a 
travelling wave? Here a, b and c are constants. 

(a) y = a cos (bx) sin (ct) 

(b) y = a sin (bx) cos (ct) 

(c) y- a sin (bx + ct) - a sin (bx - ct) 

(d) y = a sin (bx + ct) 

141. A sonometer wire is vibrating with a frequency of 30 
Hz in the fundamental mode. If the length of the wire 
is increased by 20%, the change in the frequency of 
the fundamental mode is 

(a) 5 Hz (b) 10 Hz 

(c) 15 Hz (d) 20 Hz 

142. An organ pipe P,, closed at one end and containing 
a gas of density p, is vibrating in its first harmonic. 
Another organ pipe P 2 , open at both ends and 


(a) 


YaAT 


(c) 


Ya 

pAT 


containing a gas of density p : is vibrating in its third 
harmonic. Both the pipes are in resonance with a given 
tuning fork. If the compressibility of gases is equal 
in both pipes, the ratio of the lengths of P, and P 2 is 



143. A source of sound of frequency 600 Hz is placed 
inside water. The speed of sound in water is 1500 
ms 1 and in air it is 300 ms -1 . The frequency and 
wavelength of sound recorded by an observer who 
is standing in air respectively are 


(a) 600 Hz, 0.5 m (b) 600 Hz, 2.5 m 

(c) 3000 Hz, 0.4 m (d) 120 Hz, 2 m 

144. In the resonance tube experiment for determining the 
speed of sound in air using a tuning fork of frequency 
480 Hz, the first resonance was observed at 17.7 
cm of air column and the second at 53.1 cm. The 
maximum possible error in the speed of sound in air 
is 

(a) 192 cm s 1 (b) 96 cm s 1 

(c) 64 cm s -1 (d) 48 cm s _I 

145. A rod AB of length L is hung from two identical 
wires 1 and 2. A block of mass m is hung at point 
O of the rod as shown in Fig. 10.42. The value of x 
so that a tuning fork excites the fundamental mode 
in wire 1 and the second harmonic in wire 2 is 


(a) 

L 

5 

(b) 

(c) 

L 

3 

(d) 


L 

4 

2L 
3 



146. Two tuning forks, each of frequency v, move relative 
to a stationary observer. One fork moves away from 
the observer with a speed u while the other fork 
moves towards him at the same speed. The speed 
of sound is v. If u « v, the observer hears beats of 
frequency 
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(a) zero 

(b) 

2 vu 

(d) 

(c) - 


vu 

V 

vu 


v 2v 

147. The vibrations of a string of length 60 cm fixed at 
both ends are represented by 


v = 4 sin 


n x 

U 


cos (96 Kt) 


where x and y are in cm and t in second. The particle 
velocity at x = 7.5 cm and t = 0.25 s is 
(a) zero (b) 10 cm s" 1 

(c) 100 cm s 1 (d) (4 x 96) cm s ' 


148. A uniform rope of mass M hangs vertically from 
a rigid support. A block of mass m is attached 
to the free end of the rope. A transverse pulse of 
wavelength A is produced at the lower end of the 
rope. The wavelength of the pulse when it reaches 
the top of the rope is 



f m + M > 
V m ) 


(b) 


(m + M \ 


V m ) 


1/2 



(d) A 


149. A band playing music at a frequency / is moving 
towards a wall at a speed u. A motorist is following 
the band with the same speed u . If v is the speed of 
sound, the beat frequency heard by the motorist is 


(a)/ 

(b) 

(c) fiu + V) 

(v-u) 

(d) 


2 fu 
(v+u) 

2 fu 
(v - u) 



Answers 


1. (b) 

2. (d) 

5. (b) 

6. (d) 

9. (a) 

10. (c) 

13. (d) 

14. (b) 

17. (a) 

18. (b) 

21. (c) 

22. (a) 

25. (c) 

26. (b) 

29. (a) 

30. (b) 

33. (a) 

34. (b) 

37. (b) 

38. (a) 


3. (a) 

4. (c) 

7. (a) 

8. (d) 

11. (d) 

12. (d) 

15. (c) 

16. (b) 

19. (c) 

20. (d) 

23. (b) 

24. (b) 

27. (d) 

28. (d) 

31. (c) 

32. (c) 

35. (d) 

36. (b) 

39. (c) 

40. (c) 


41. (c) 

42. (b) 

43. (a) 

44. (b) 

45. (c) 

46. (b) 

47. (b) 

48. (c) 

49. (a) 

50. (c) 

51. (a) 

52. (d) 

53. (a) 

54. (b) 

55. (b) 

56. (b) 

57. (b) 

58. (a) 

59. (a) 

60. (b) 

61. (b) 

62. (a) 

63. (a) 

64. (b) 

65. (c) 

66. (a) 

67. (d) 

68. (d) 

69. (a) 

70. (a) 

71. (d) 

72. (b) 

73. (d) 

74. (a) 

75. (a) 

76. (d) 

77. (a) 

78. (b) 

79. (b) 

80. (a) 

81. (b) 

82. (d) 

83. (c) 

84. (c) 

85. (d) 

86. (b) 

87. (d) 

88. (c) 

89. (a) 

90. (b) 

91. (d) 

92. (a) 

93. (c) 

94. (b) 

95. (b) 

96. (b) 

97. (d) 

98. (c) 

99. (d) 

100. (a) 

101. (b) 

102. (c) 

103. (b) 

104. (a) 

105. (b) 

106. (d) 

107. (b) 

108. (b) 

109. (a) 

110. (a) 

111. (a) 

112. (b) 

113. (d) 

114. (a) 

115. (c) 

116. (b) 

117. (a) 

118. (b) 

119. (a) 

120. (b) 

121. (b) 

122. (a) 

123. (b) 

124. (c) 

125. (c) 

126. (a) 

127. (a) 

128. (c) 

129. (c) 

130. (d) 

131. (c) 

132. (c) 

133. (c) 

134. (b) 

135. (b) 

136. (a) 

137. (c) 

138. (a) 

139. (b) 

140. (d) 

141. (a) 

142. (d) 

143. (a) 

144. (a) 

145. (a) 

146. (c) 

147. (a) 

148. (b) 


149. (d) 

Solutions 


1. T= 2n — . When the lift accelerates upwards with 
an acceleration ofg/3, the effective acceleration is g 



Therefore, the new time period is 


r 



Thus 
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T. 


r V3 

or T = — 

2 

Hence the correct choice is (b). 

2. The length of the pendulum (/) is the distance 
between the point of support and the centre of mass 
of the sphere. The centre of mass (CM) of a sphere 
is at its centre when it is empty and completely filled 
with water. The CM falls below the centre of the 
sphere as the water flows out until the sphere is half 
full after which the CM begins to rise. Hence the 
effective length of the pendulum (and hence its time 
period) will increase at first and decrease until the 
sphere is empty when it becomes equal to the time 
period when the sphere was full of water. Thus the 
correct choice is (d). 

3. Due to buoyancy, the effective acceleration due to 
gravity decreases from g to g = g - g/8 = 7 g/8. Since 


T=2 k 



. The new time period will be 

g 


r = 2 k 



= 2k 


l 


Vgl 8 


Thus — = 


r 

T 


g 



- T. 


pg/8 

Hence the correct choice is (a). 

4. The amplitude of a simple harmonic motion given by 

x = a sin cot + b cos cot 


is 


A = (a 2 + b 2 ) 1 2 . Hence 


A =(3 z + 4 2 ) 1/2 = (9+ 16)' ,z = 5 m 


1/2 _ 


Therefore, the correct choice is (c). 

5. Let k be the force constant of each spring. The force 
F needed to extend the spring A by an amount x is 

F = kx or x= — 
k 

In Fig. 10.30b on page 10.29, the springs are 
connected in series. Therefore, the force constant k' 
of the combination is given by 
j_ = \_ 1 

k' ~k 1c 


or 


2 


If a force F' is applied, the combination will extend 
by 


Thus — = 


/ 

F' 



JC = 

k' 



/ 

X 

F' 

k 

6 

X 

F 

k' 

4 


k/2 


= 3 


or x' = 3x = 3 x 1 cm = 3 cm 

Hence the correct choice is (b). 

6. For a force F, the extension x in a spring of force 
constant k is given by 

F = kx (i) 

Now extension is proportional to the length of the 
spring. When the spring is cut into two equal halves, 
the extension x' of each half, for a force F will be .v' 
=x/2. If k' is the force constant of each half, we have 

F = k’x = k' — (ii) 

2 

Comparing (i) and (ii) we get k'= 2k. Hence the 
correct choice is (d). 

F L 

7. Young’s modulus Y = - 

6 A l 

F Y A 

Force constant k = — = - 

/ L 

where / is the extension in the spring of original 
length L and cross-sectional area A when a force F 
= Mg is applied. Now, the time period of vertical 
oscillations is given by 


T = 2k 




Hence the correct choice is (a). 

8. The velocity of an oscillating body is maximum when 
it is at the equilibrium position where the potential 
energy is zero and the energy is entirely kinetic. At 
the extreme positions, the kinetic energy is zero and 
the energy is entirely potential. Therefore, the kinetic 
energy at equilibrium position = potential energy at 
extreme positions = total energy. Since the maximum 
velocities (i.e. velocities at equilibrium position) are 
equal for the two equal masses, their kinetic energies 
are also equal = their potential energies at extreme 
positions where the displacement is maximum = 
amplitude. If jc, and x 2 are amplitudes of bodies A 
and B, we have 



Hence the correct choice is (d). 
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9. F, = A,x, F 2 = k 2 x. 


Work done W l = — k x x 2 and W 2 = — k 2 x 2 

E± _ h. 

W 2 k 2 

Hence the correct choice is (a). 

10. When the springs are stretched by the same force 
F, the extensions in springs A and B are x x and x 2 
respectively which are given by 


F = A', x\ = k 2 x 2 


or 


x \ _ ^2 


- = -r (0 

k i 


1 2 1 2 

Work done W l = — k x x x and W 2 = — k 2 x 2 


W, 


_ A', x, 


2 

2 -*2 


/To X 


(ii) 


Using (i) and (ii) we get 


W, 


l _ 




* L .*2 

A? k 


_ *2 


Hence the correct choice is (c). 

11. If a force F is applied to a spring of force contant k 
and the spring extends by an amount x, then 

F = kx 

The extension x produced in a spring is proportional 
to its length. Thus, if the spring is cut into three equal 
pieces, the same force F will produce an extension 
x/3 in a piece. If k' is the force constant of the piece, 
we have 


2 jr 

which gives, co= 10 rad s ! . Therefore, T— -— = — s. 
Hence the correct choice is (d). 


14. V = A co= 0.05 x 10 = 0.5 ms , which is choice (b). 


15. Given 


K 


\ 


x = 2 cos I 0.5 nt + — 

3) 


Velocity V = 


cix 

~dt 


Acceleration a = 


= - 2 x 0.5 /rsin 
dV 


/ K A 

0.5^/ + - 
3 


dt 


= - 2 x 0.5 kx 0.5 k cos 


0.5^r-h — 
3 


.*. Maximum acceleration, a max = - 2 x 0.5 kx 0.5 n 

K " _-2 
=-ems 

2 





Magnitude is 



Hence the correct choice is (c). 



2 


ems 


16. Let A and B be the two extreme positions of the 
particle with O as the mean position. Displacements 
to the right of O are taken as positive while those to 
the left of O are taken as negative 


F=k'x/3 


Therefore — = k or k' = 3k. Thus, the force constant 
3 

of each piece is 3k. When springs are connected in 
parallel, the force constant of the combination is 
equal to the sum of the individual force constants 
of the springs so connected. Therefore, the force 
constant of the combination = 3k + 3k + 3k = 9k. 
Hence the correct choice is (d). 


12 . 

13. 


‘ 2k 
\ T 


^ A 


2 k 1 A 


x 


T 2 


Acceleration = - (0 2 x = - 
which is choice (d). 

Displacement x = + 0.01 m. Therefore, acceleration 
a = - 1.0 ms -2 . 


Now 


a = - orx 


or — 1.0 = — o) 2 x 0.01 


-25 cm -12.5 cm 


Zero 


+ 12.5 cm +25 cm 


D 


O 

Fig. 10.43 


B 


Let the displacement of the particle is SHM be given 
by 

x(0 = A sin (cot + 0) (i) 


where 


A = 25 cm and co = 


2k 

T 


2k 

T 


rad s 


Let us suppose that at time t = 0, the particle is at 
extreme position B. Setting x = A at t = 0 in Eq. (i) 
we have 

A = A sin 0 
giving 0 = kI 2. 
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Putting (j) = nil in Eq. (i), we get 
jc(/) = A cos cot 
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(ii) 

Now let us say that the particle reaches point C at 
t = t ] and point D at t = t 2 . At C, the displacement 
x(/j) = + 12.5 cm and at D, it is a(/ 2 ) = - 12.5 cm (see 
Fig. 10.43). So from (ii) we have 



+ 12.5 = 25 cos cot { 



and 

-12.5 = 25 cos cot 2 



or 

cos cot } = + 0.5 

or 

cot } = nil 

and 

cos cot 2 = - 0.5 

or 

2 n 

COtj = — 

2 3 

Hence 

/ x K 

0>(h ti)~ 3 3 

il 


• 

• • 

n T 

tj l J 

3 co 6 


<N ^ 

II 

3 

• 

• 

• 

or 

(Wl)min= “ = 0 5 S 
0 


(v r=3s) 

Notice that cos cot 2 = - 0.5 even for t 2 

4 n 

= —. This 
3 


value of t 2 does not correspond to the minimum time 
because this is the time at which the particle, moving 
to left, reaches A and then returns to D. 


17. In SHM, the velocity V at a displacement a is given 


by 

V = co(A 2 - x 2 )' 12 


or 

V 2 = co 2 (A 2 -x 2 ) 


Now 

V =3 cm s 1 when x 

= 4 cm. Therefore, 


9 =co 2 (A 2 - 16) 

(0 

Also 

r=4cms -l when x = 

3 cm. Therefore, 


16 = ft) 2 (A 2 - 9) 

(ii) 


Simultaneous solution of Eqs. (i) and (ii) gives 
Amplitude A = 5 cm 

18. Putting A = 5 cm in Eq. (i) above we get co= 1 rad s ] . 
Therefore, T = 2n!co = 2 n= 6.28 s. Hence the correct 
choice is (b). 

1 2 2 

19. Total energy E = — mA co~ 

= ^ x (50 x 10 3 ) x (5 x 10 -2 ) 2 x (1 ) 2 

= 6.25 x 10" 5 J 
Hence the correct choice is (c). 


20. Kinetic energy (KE) = — mco 2 (A 2 -x 2 ) 

1 2 2 

Potential energy (PE) = — m (0 x 

1 2 2 

Total energy (E) = — met) A~ 

When a = A/2, 

1 2 ( 2 A 2 } 3 

KE = - mco~ /*“-= - mco~A~ 

2 4 8 


E = - mco 2 A 2 
2 


21. The energy will be half kinetic and half potential at 
a value of a when KE = PE, i.e. 

2 2 2 1 2 7 

— m(Q~(A “ - a ") = — mCOx 
2 2 

or A 2 - a 2 =a 2 


A = 


22. The block will not be detached from the platform, if 
the amplitude of the platform’s SHM is such that the 
maximum acceleration equals the acceleration due to 
gravity, i.e. 

^max =S 

^max — J 
CO~ 


4 n 2 v 2 

Hence the correct choice is (a). Notice that A max is 
independent of the mass of the block. 

23. Let L be the relaxed length of the spring andy 5 the 
extension produced in it due to force mg so that 

ky = mg (i) 

The displacement of the mass during oscillation is 
given by 

a - A sin (cot + cp) (ii) 

At the instant when the displacement is a 


f 1 f/ 2 1 f dx 

KE of mass = — mV = — m — 


= — mA 2 co 2 cos 2 (COt + 0) (iii) 
2 
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PE of spring = — k(y + x ) 2 = — k (y 2 4- 2 yx + x 2 ) 


1-2, ,. I 1 ,2 


= — ky + kyx + - Jtx 
2 ' 2 


Using (i) and (ii) and co = — , we have 

m 


PE of spring = — /ry + mgx 

+ mar A 2 sin 2 (tu/ + 0) (iv) 

Taking gravitational PE at the mean position to be 
zero, 

Gravitational PE atx = - mg x (v) 

Adding (iii), (iv) and (v), we get 
Total energy of mass-spring system 

= ^ mA~co 2 cos" (cot + (j>) + ^ ky 2 + wgx 

+ — mA 2 co 2 sin 2 (cot + cp) - mgx 


1 . 2 . 1 » 2 
= - /77^"CO"+ - &V 

2 2 


24. The radius of the circle along which the trolley 
moves is 

r = 40 cm = 0.4 m 

When the table is rotated, the tension in the spring is 
equal to the centripetal force, i.e. 

m z) •> •) 

F = - = mrco 2 = 2 x 0.4 x (10)- = 80 N 

r 


The extension in the spring is x = 40 - 35 = 5 cm = 
0.05 m 

_ , F 80 

Force constant k = — = - 

jc 0.05 


= 1.6 x 10 3 N m 1 
Hence the correct choice is (b). 

25. In case (a) the springs are connected in series. 
Therefore, the spring constant of the combination is 
given by 

1 _ I \__2 

k' k ] k 2 k k k 

(v k x =k 2 = k) 

or k' = k! 2. Therefore, for case (a). 



In case (b) the spring constant of the combination is 
k" =k { + k 2 = 2k 


Thus 




2 


Hence the correct choice is (c). 

26. In case (a), the springs are connected in parallel. 
Therefore, 

k’ = k { + k 2 = 2k 



In case (b), the springs are connected in series. 
Therefore, 




\_ 

2 


Hence the correct choice is (b). 

27. The tension in the string is given by 

mv 2 

T = mg + ~ 


where / is the length of the string. Velocity v of the 
bob is maximum when it passes through the mean 
position; then the tension T is also maximum. Now 


v 


max 


\Aco\ = (/ajco = la,„ 



(v A =Ia m ) 


»max = 


x y = lga 2 n , 


_ m , 2 . „ 2 . 

Yax = mg + - x Ig a m = mg (1 + cTJ 

Hence the correct choice is (d). 

28. Refer to Fig. 10.44. At the extreme position /?, PE = 

mgh. 

Now h = AO -AC = 1-1 cos a m = /(1 - cos a n} ) 

KE at O = PE at B 

= mgl (1 - cos aj 
Hence the correct choice is (d). 
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B 


O 

Fig. 10.44 

29. Maximum displacement = amplitude = 5 cm 

At time / = 0, jc = 0 (equilibrium position). Hence 
time t taken by the particle to move from x = 0 to 
x = 5 cm is given by 

5=5 sin k t 

or 1 = sin nt 

K 

or k t — — or / = 0.5 s 

2 

30. Given time period T= 6 s 

Amplitude = OC = OB = — BC = — 

^ — 


A = A sin (rox 0 + 0) 


or A - A sin 0 or sin 0=1 or 0= y 


Thus the motion of the pendulum is given by 

, n 
putting 0 = — 


x = A sin 


cot + — | = A cos cot = 5 cos co t 
2 


The value of t for which x = 2.5 cm is given by 
2.5 = 5 cos co t 


1 

or cos co t = — 

2 


or 


K 

cot= — 
3 


Since 


K 


we have t = 1 second. 


31. If A* is the force constant, we have 

mg = 


or 


m 

~k 


x 

g 


T = 2n */— =2tt I- 
k Mg 


= 5 cm (Fig. 10.45) 
OD = 2.5 cm 



Fig. 10.45 

Let the displacement of the pendulum be given by 
jc = A sin (cot + 0) 

where A = 5 cm 

, 2k 2k k . _i 

and co = — = — = — rad s 

T 6 3 

Let us suppose that at / = 0, the pendulum is at C, i.e., 
at t = 0, x = A, so that 


Hence the correct choice is (c). 

32. Let the steel ball be placed at A, a little away 
from the centre O of a concave mirror of radius of 
curvature R (= OC = AC), as shown in Fig. 10.46. 
Let ZACO = 0. If m is the mass of the ball, its weight 
m g acts vertically downwards at A. This force is 
resolved into two rectangular components: m g cos 6 
(which is balanced by the normal reaction Nof the 
mirror) and m g sin 0 (which provides the restoring 
force F). Thus 



Fig. 10.46 
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F = - m g sin 6 
= - m g 9 

(v 0 is small; x/R being very small) 


x 



(v x = R 0; x being the arc OA) 
or F = - kx 

m g 

where k = - is the force constant. Hence 

R 



Hence the correct choice is (c). 

33. Let be the extension produced in the spring when 
it is loaded with mass m 2 alone and x 2 be the further 
extension when mass m j is added to mass m 2 so 
that x = Jtj + x 2 is the total extension produced by 
m , + in 2 (see Fig. 10.47). Thus we have, 



(™i + m 2 )g 

Fig. 10.47 


For equilibrium state of m 2 


m 2 g =k _v j 

(i) 

For equilibrium state of (/;7, + m 2 ) 


('«i + m 2 ) g = k (x) = k (*, + x 2 ) 

(ii) 


When the mass m, is removed, the mass m 2 will move 
upwards under the unbalanced force = m ] g. Hence. 


Restoring force (F) on m 2 = - /;?, g 
Subtracting (i) and (ii) we have 
m, g = kx 2 

Hence, restoring force on m 2 = - k x 2 


(iii) 


Acceleration of 


Angular frequency is co = — , which is choice 

(a). V '”2 

34. It is clear that A is the equilibrium position of m 2 and 
B its maximum displacement position. Hence AB = 
x 2 is the amplitude of the oscillation of m 2 . From Hq. 
(iii) above, we have 


*2 = 


= M\g 
k 


Hence the correct choice is (b). 

35. The particle displacements are given by 


y(x , t) = A sin j— (vt - x) 


Comparing this with the given equation we have 
2 K 

— =0.01 n or X = 200 m. Hence the correct 
X 

choice is (d). 

36. — =2 k or v = X = 200 ms -1 . Hence the 

X 

correct choice is (b). 

__ _i ,.- r . , 27t A 2k k 

37. Phase difference Ad = —— Ax = -x 25 = —. 

X 200 4 

Hence the correct choice is (b). 


38. y = a sin j —(vt - .v)j where a = 10 cm 

and — = v = 500 Hz. 

^ \2n 

We are given - 5 = 10 sin j-y (vt - 100) 

2 K t\tw 7 K 

=> T (vt - ,()() ) = “T 

A 6 


and + 5 = 10 sin j— (vt - 200) 

2k _ ^ ^ v k 
=> -r (vt- 200) = - 

A O 


These equations give X = 200 cm = 2 m which is the 
choice (a). 
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39. v = vA = 500 x 2 = 1000 ms 1 . Therefore, time taken is 

2-1 _ i r\-3 


t = 


= 10 s 


1000 

Hence the correct choice is (c). 

40. The velocity of transverse waves is given by v = 

ylf / m where T = tension and m — mass per unit 
length of the wire. If r is the radius of the wire and p 
its density, then m = n r p. Therefore, 

\fr 


V = 


•V^p 


. Thus v A = 


_ 

,Jnp 


and 


** = 


_ 


r B sfnp 


Now 


V A _ | Ta r B 


V 


B 


t b >a 


1 


It is given that r A = 2 r B and T A = — T B . Hence 


v 


A _ 


1 


V 


B 


i4i 


. The correct choice is (c). 


41. On the earth: v= — J —— = — J— , since M= 1 kg 

21 V m 21 V m 


r, , 1 Mg/6 1 Mg 

On moon v = — 1 


21 


m 


21 \ 6m 


c , 1 [g 1 [Mg 

ror resonance v= v or — J— = — J—- 

2/ \ m 21 V 6/77 

which gives ;l/ = 6 kg. Hence the correct answer is 
(c). 

42. Angular frequency co = n or 2 n v = n or v = 0.5 Hz. 
Now v = 1.5 ms -1 . Therefore A = vlv = 1.5/0.5 = 
3 m. Hence the correct choice is (b). 

43. A = v/v = 20/10 = 2 cm. Distance between adjacent 

A 

nodes is — = 1 cm, which is choice (a). 

2 


44. 


2k x 


= 0.1 kx which gives A = 20 cm. The distance 


between a node and the next antinode = — = — = 

4 4 

5 cm. Hence the correct choice is (b). 


45. v'= v 


/ 


i+^ 
v 


. Given ujv 


—. Therefore 
10 


v' = 


11 

— v 
10 


/II v 

or v v= — v- v= — . I he percentage increase 
in vis 10 10 


v — V 


V 


x 100 = 10% which is choice (c). 


46. The lengths of the two parts of the wire are 49.5 cm 
and 50.5 cm. 


1 Mg 

47. v = —J—— where M = mass of stone. It p is 

2/V m H 

the density of the stone and V its volume, then M = 
p V. When the stone is wholly immersed in water of 
density p', the effective weight of the stone 


M'g=(M-Vp')g=(Vp-Vp')g=Vp' 


'£.r 

yp‘ 


g 


Now 


and 


1 pVg 
v= —. 

2/ V m 


V = 


_ 1 IVp' ([p/ p'\ - 1) g 


2V 


m 


Given / = 40 cm and /' = 30 cm. Also v = v', which 
gives 

P_ = _16 

p' y 

Hence the correct choice is (b). 

48. The correct choice is (c). 

49. The value of A for a pipe open at both ends is 2 L 
where L is the length of the pipe. For a closed pipe A 
= 4 L. Since A becomes twice, the frequency reduces 
to half. Hence the correct choice is (a). 

50. The correct choice is (c). 

51. Frequency of sound emitted by a closed pipe of 

v 

length L in the fundamental mode is v = —. For 

4 L 

resonance v = v' where v' is the frequency of the 

tuning fork. Thus 340 = or 4 L = 1 m or L = 25 

4 L 

cm. The next resonance occurs at — L = 1 m 

3 

or L = 75 cm. 

Hence the correct choice is (a). 


52. N' = 


1 


2(65-1) \m 
Therefore 

N' 2x65 


T 

- . Given N = 


1 


2 x 65 V m 


65 


N 


2(65-1) 64 
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Also ;V' - jV = 8 or /V' = N + 8. 

jV+ 8 65 t w C1 , IT TI 

- = — which gives N= 512 Hz. Hence 

N 64 

the correct choice is (d). 


53. v,= 


1 


yp 


4 L, V P 
V 1 _ ^2 _ 


> ^2 = 


1 


TP 


4Zo 


. Therefore 


v- 


L, 


50 

51 


. It is given that v 2 = v, + 5. 


Therefore 


v, _ 50 


v, + 5 


= — which gives v. = 250 Hz. 
51 


Hence v 2 = 250 + 5 = 255 Hz which is choice (a). 

54. The listener moves away from A and approaches B. 
Hence the apparent frequencies are 


v, = v 






v) 


and v 2 = v 


t 




i + “ 
v 


v 2 — Vj = 2 v ulv. It is given that v 2 - v, = 10. 

v = 340 ms 1 and v = 680 Hz. 

Substituting these values we get 

_ 2x680xw 
340 

or t/ = 2.5 ms" 1 . 

Hence the correct choice is (b). 

55. v= 3.2 MHz = 3.2 x 10 6 Hz 
v = 1 .6 km 1 = 1 .6 X 10 3 m s 1 

^ _ v _ l«6x 10 3 


v 3.2x10° 

= 0.5 x 10 3 m = 0.5 mm 

56. Frequency of sound (v) = 100 kHz = 10 5 Hz 
Speed of sound in air ( v a ) = 340 m s _1 
Speed of sound in water (v w ) = 1450 m s _l 
Since the reflected wave travels in air, its wavelength 
is 

A, = — = ^2- = 3.4 x 10 3 m = 3.4 mm 
v 10 5 

Since the transmitted wave travels in water, its 
wavelengths is 

K = — = = 1.45 x 10' 2 m 

vv - - • •'O 


V 


10* 


= 1.45 cm 


57. The resultant displacement is given by 

y =y x +y 2 = 0.05 {sin (3 nt - 2.y) + sin (3 Kt + 2.v)} 


Using the trigonometric relation 
sin (a + /?) + sin (a - /}) = 2 sin a cos 

we have y = 0.1 cos 2x • sin 3 Kt 


or 


v = R sin 3 nt 


where R , the amplitude of standing waves, is given 
by 

R = 0.1 cos 2x 

When x = 0.5 m cos 2x = cos (2 x 0.5 rad) 

= cos (1 rad) 

= cos 57.3° = 0.54 

/. Amplitude R at x = 0.5 is 0.1 x 0.54 = 0.054 m = 
5.4 cm 

58. Let A be the wavelength, v the frequency and v the 
speed of each wave. Then 


2k 


= coefficient of x in the argument of the sine 


function = 


2n 


or A = 3 m. 

Also (O = 2 kv = coefficient of t in the argument of 
the sine function = 120 tt 

which gives v = 60 Hz. 

Hence v = vA = 60 x 3 = 180 m s 1 


Mass per unit length (ni) = 


3.0 x 10 


-2 


1.5 

= 2.0 x 10 kg m 


We know that v = J— , where T is tension in the 
string. ^ m 

T= mv 2 = 2.0x 10 -2 x(180) 2 = 648N 

59. Let N be the frequency of the source and v p that of 
the pth harmonic of a closed pipe. The source will 
resonantly excite that harmonic mode of the pipe for 
which 

N = v p 

for any value of/; = 1,3, 5,.... Now for a closed pipe 
wc know that 

V 

p 4 L 

Therefore, for resonance, 

A=^ 

4 L 
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4 NL 4x425x0.2 , 

or p = -= - = 1 

v 340 

Hence the correct choice is (a). 

60. In an open pipe, the condition of resonance is 

N = v p =£j-;p=l,2,3,.... 

2 NL 2 x1700x0.2 „ 

or p = - = - = 2 

v 340 

Hence, the correct choice is (b). 

61. Let v, be the frequency of A and v 2 that of fork B. 
There are two possibilities (a) v, > v 2 and (b) v, < v 2 . 

(a) v, > v 2 : v 2 = 480 Hz, v h = 10 Hz. 

Now, v b = v, - v 2 

v, = v 2 + v h = 480 + 10 = 490 Hz 

On loading fork A its frequency decreases. In other 
words, v, decreases. 

v, - v 2 = v h should also decrease. But v b increase 
to 15 beats/s. Hence v, is not greater than v 2 . 

(b) v, < v 2 : In this case v 2 - v, = v b . 

v, = v 2 - v h = 480 -10 = 470 Hz 

Hence the correct choice is (b). 

62. On loading v, decreases, therefore (v 2 - v,) = v b 
increases which is what is observed. Therefore, v, = 
470 Hz before it is loaded, and v { = vs - v A = 480- 15 
= 465 Hz after it is loaded. 

Hence the correct choice is (a). 

63. V A = 324 Hz, v b = 6 Hz. 

The frequency of string B is 

v B = v A ±v B = 324 ± 6 = 330 or 318 Hz 

Now, the frequency of a string is proportional to the 
square root of tension. Hence, if the tension in A 
is slightly decreased, its frequency will be slightly 
reduced, i.e. it will become less than 324 Hz. If the 
frequency of string B is 330 Hz, the beat frequency 
would increase to a value greater than 6 Hz if the 
tension in A is reduced. But the beat frequency is 
found to decrease to 3 Hz. Hence, the frequency of B 
cannot be 330 Hz; it is, therefore 318 Hz. When the 
tension in A is reduced, its frequency becomes 324 
-3 = 321 Hz which will produce beats of frequency 
3 Hz with string B of frequency 318 Hz. Hence the 
correct choice is (a). 

64. Let N be the frequency of the tuning fork. Then, the 
frequency of the wire, when the tension is 100 N will 


be (vV + 5) and when the tension is 81 N, it is (N 
5); since in each case 5 beats are heard per second. 
Hence 


and 


N + 5 


_L IK 

2 L V in 


1 100 
2 x 0.5 V m 

10 



N - 5 = 


_L [K 

2 L V m 


1 (81 
2 x 0.5 V m 





Subtracting (ii) from (i) we have 

10 = —or m = 0.01 kg m 1 


Using this value of m in (i) or (ii) gives N = 95 Hz. 
Hence the correct choice is (b). 

65. The driver will hear two sounds, one coming directly 
from the siren and the other reflected at the wall 
or coming from the acoustic image of the car. v r = 
frequency of direct sound = 700 Hz. The reflected 
sound can be imagined to be coming from the mirror 
image (shown dotted in Fig. 10.48). 


Reflecting wall 





V >/ 


\ ? 

o o 

V / 

y 

Ambulance 

Acoustic 

car 

image 


Fig. 10.48 


The observer (driver) is approaching his image- 
source which is also approaching with the same 
speed. Hence z/ 0 = u s = u. The frequency of sound 
heard by him is given by 


v = v 


v-u.j 


= V 


f V + u ^ 


[V-ltJ 



Since u « v, we can expand binomially and retain 
only the first order terms in u/v. We then get 
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or 


or 


v' 

, + 2m 


V 

V 


v' - V 

2 u 


V 

V 


v'-v = 

2 uv 

2 x 2 x 700 

V 

350 


.*. Beat frequency v b = v' - v = 8 
Hence the correct choice is (c). 

66. Person A hears the sound of his own source whose 
frequency in v. I le also hears the sound of the source 
carried by person B , towards whom he is moving 
with a speed u. The apparent frequency of this sound 
is given by 

/ ( i 

v = v 1 + - 

V vj 

/ vu 

or v - v = — 

V 


Beat frequency v b = v' - v = —. Hence the 
correct choice is (a). 

67. Person B hears the sound of his own source of 
frequency v. He also hears the sound of the source 
carried by person A , who is approaching with a speed 
u. The apparent frequency of this sound is given by 


v 


// 


v vv 
u v- u 

V 


or 



v 


V 



v-u 


vu 

v-u 


.*. Beat frequency v b = v" - v = ——, which is 
choice (d). v-u 

68. The frequency of ultrasonic (sound) waves sent out 
from the SONAR undergoes a change in two steps. 

(i) Before reflection, the frequency of sound received 
by the enemy submarine which is approaching the 
SONAR with a speed u 0 = 200 ms -1 is given by 

/= v (z? + ?/ 0 ) = 42 x 10 3 x (1400 + 200) 
v 1400 

= 48 x 10 3 Hz 

(ii) The wave of frequency v' is reflected from the 
enemy submarine, which acts as a virtual image 
source of frequency v', approaching the SONAR 
with a speed u s = 200 ms -1 . Hence the frequency of 
sound received back at the SONAR will be (observer 
stationary, source approaching) 


„ vv' = 1400 x 48 x 10 3 
( v-u s ) (1400-200) 

= 56 x 10 3 Hz = 56 kHz 
Hence the correct choice is (d). 

69. Since only the source of sound, i.e. the gun is in 
motion, the speed of sound remains unchanged at 340 
ms '.Therefore, the time taken by the sound of firing 
to arrive at the target 500 m away is 

500 25 

t s = - = — s 

If the gun points in the direction of motion of the 
tank, the effective speed of the bullet = 340 + 20 = 
360 ms '. Therefore, the time taken by the bullet to 
reach the target is 

500 25 

t b = - = —s 

360 18 


Since t s > t b , the correct choice is (a). 
70. Comparing y = a sin 2k (ht - cx) with 
2k 


y = a sin ] 
we have 


A 


(vt-x) 


2k h = 


2kv 


and 2kc= 


1 


2k 


which give v = bX and A = —. Thus v = h!c. 
Particle velocity is c 

„ cly d r . ^ 

V = — = — [a sin 2k (ht - cx)] 

dt dt 


= 2k ah cos 2k (ht - cx) 

V max = 2 ^ ab - Now ^max = 2y > if 

o u 2b 
2 k ah = — 

c 

or c = —, which is choice (a). 

Ka 

71. When the three waves superpose at a point, then from 
the superposition principle, the resultant particle 
displacement at that point is given by 

y = Ti +T2+T3 

= a sin {2k (v- l)f} + a sin (2k v t) 
+ a sin {2/r(v + 1) /} 

Now sin {2/r(v- 1) t) + sin {2/r(v+ 1) t } 

= 2 cos 2 Kt sin 2/rw 

Therefore, 

y = a (1 + 2 cos 2 Kt) sin 2 KVt 
or y = A sin 2 KVt 
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where A — a (1 + 2 cos 2 nt) is the resultant 

amplitude. 

Now, the resultant intensity °c A . Now /1“ will be 
maximum when 

cos 2 nt = + 1 

or 27Tf = 0, 2/r, 4;r,... etc. 

or t = 0, Is, 2s,... etc. 

.*. Time period of beats = time interval between two 
consecutive maxima = 1 s. Hence the beat frequency 
is 1 Hz, i.e. one beat is heard per second which is 
choice (d). 

72. The pressure of a gas is given by 

P = P V ™ S 

3 



Also, the speed of sound in a gas is given by 



Hence the correct choice is (b). 

73. Let the density of hydrogen be p' = 2p, then the 
density of oxygen will be 32 p. The density of the 
mixture will be 

p" = ^ x 2p + ^ x 32 p = 14 p 
Since the pressure is the same, we have 

= IZ = jl Z = _L 

v \p" V 14p y/l 


v 


// 


= —r =. Hence the correct choice is (d). 
v7 


74. The density of helium at STP = 2 times the density 

of hydrogen at STP. Since v \/y[p , the speed of 

sound in helium will be vl V2 . Hence the correct 
choice is (a). 

75. Let the frequency of the first tuning fork be v. The 
frequency of the second will be (v + 4) and of the 
third will be (v + 8) and so on. Now v - 8 = v + (3 

1) x 4. Therefore, the frequency of the 9th tuning 
fork = v + (9 - 1) x 4 = v + 32. It is given that 
v+ 32 = 2v. Hence v = 32 Hz which is choice (a). 


76. The frequency of the fundamental mode is given by 


1 T 


v = 


2 L V m 


.*. voc —. Hence v, : v 2 : v 3 = — : — : —. 
/. 


_L._1_.J_ 

/■* j To 7^ 


Now L ] = 20 cm, L 2 = 40 cm and L 3 = 60 cm. 
Therefore, 

1 1 1 ... 

v. : v. : = — : — : — =6:3:2 

20 40 60 


Hence, the correct choice is (d). 

77. Let v, be the frequency of the wire when its vibrating 
length is L, = 48 cm and v 2 when L 2 — 50 cm. Since 

v oc — ; v, > v 2 . If V' is the frequency of the tuning 
L 


fork, then 


and 


Vj = v + 4 


v 2 = v - 4 


V\ v + 4 


v- 


v-4 


But 


Thus 


v 


l _ 


^2 

v + 4 
v - 4 


25 

24 


50 _ 25 
48 ~ 24 


which gives v= 196 Hz. Hence the correct choice is 
(a). 

78. Let T, be the tension in each string when they are in 
unison. Let 7\ be the tension in each string when they 

are not in unison; then since v 4f ; vs > v, such 
that 


V 2 _ M2 


V, 


r, 


Now 


T 2 = 1.01 Tj. Therefore 


Vo 


2 - = VToT = 


V, 


1 + 


1 ^ 


1/2 


100 


Expanding binomially, we have 


( 


1 


, 1/2 


1 + 

V 1007 


* 1 + 


1 


201 


200 200 


. Thus 
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VS 


201 

200 


Also, v 2 - v, =4 or v 2 = v, + 4. Therefore, 
we have 


v, -1-4 
v, 


201 

200 


which gives v, = 800 Hz. Hence the correct choice 
is (b). 

79. Let v x be the speed of sound at 27°C and v 2 at 31°C. 
Then 

1/2 


V 


f 211 + 31 x ' /2 


2 _ 


Vt 


273 + 27 
4 


J 
\l/2 


304 

300 


1 + 


300 


, 1 4 

- 1 + -x 


151 


2 300 150 


Now, frequency speed of sound. Hence 


v 2 _ v 2 _ 151 


v 2 = V| x 


V, 


151 


150 

300x 151 


= 302 Hz. Hence 


150 150 

beat frequency = 302 - 300 = 2 Hz 

Thus the correct choice is (b). 

80. If the aircraft is approaching the radar station with 
a speed u, the apparent frequency of radiowaves 
received by the radar after reflection from the aircraft 
is given by 

2*^ 


v = v 


1 + 


c ) 


Apparent increase in frequency is 

, 2 uv 

Av = v -v= - 

c 

Given, v= 600 MHz = 600 x 10 6 Hz and Av= 6 kHz 
= 6 x 10 3 Hz. Thus 

cAv 3xl0 8 x6xl0 3 , , 

u = - = -— = 1.5 x 10 ms 

2v 2 x 600 x 10 6 

= 1.5 kms’ 1 

Hence, the correct choice is (a). 

81. Amplitude of the first simple harmonic motion is 



2 

( yf^a N 

— 

+ 


UJ 


l 2 J 


+ = 


Amplitude of the second motion is 
A, = 'Ja 2 + a 2 = V2 a 


= a 


A = _L 

a 2 VA 

Hence the correct choice is (b). 

82. We can rewrite the two motions as 

f 1 . y/3 

x, =a —sin cot + —cos cot 
2 2 

= a (cos 60° sin cot + sin 60° cos cot) 

or jcj = a sin (cot + 60°) 

, at 1 . 1 ^ 

and jc 2 = —j= -y=rsinru/ + —j=coscot 


( 1 ) 


a 


= -j= (cos 45° sin cot + sin 45° cos cot) 
V 2 


a 


or x 2 = sin (cot + 45°) 


(2) 


From (1) and (2) it follows that the amplitudes are 

a and —j= (a result obtained above) the phases are 
v 2 

60° and 45°. Therefore, phase difference = 60° - 45° 
= 15°, which is choice (d). 

83. Let the rod be depressed by a small amount x (Fig. 
10.49). Both the springs are compressed by x. When 
the rod is released, the restoring torque is given by 

T = (kx) x - + (kx) x - 
2 2 

= (kx)l 

x 2 x 

Now tan 0 = - = — . Since 6 is small, tan 0 

1/2 l 

- 0. where 0 is expressed in radian. Thus 0 = lx!I 
or x = 01/2. Hence 

, . en , koi 2 

r = k\ — x / =- 

2 ) 2 








o 


1 

2 


Fig. 10.49 
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If / is the moment of inertia of the rod about O, then 

d 2 e 


1 ki 2 ^ 


or 


dt 

d 2 e 


2 - 


*ki^ 


dt' 


21 


0 


o 


Since 


d 2 Q 
dt 2 


oc (- 0), the motion is simple harmonic 


whose angular frequency is given by 


CD = 


'kji 

21 


Now co = 


2k 

T 

2k 


and / = 


mi 

12 


. Therefore, we have 


] kr 12 
— x 


or 


T V 2 

T = K 


mV 


'6 k_ 
m 


2m 


V 3 k 


, which is choice (c). 


84. Refer to Fig. 10.50. The magnitude of the restoring 
torque = force x perpendicular distance 

= mg x A B 
= mg x R sin 0 



Since 0 is small, sin 0-0. Here 0 is expressed in 
radian. The equation of motion of the scale is 

I ^ = - mgRQ 


or 


dr 
d 2 0 
dt 2 


■ 

V 


mgR 


0 


co = 


mgR 2k _ I mgR 


or 


T = 2k 


mgR 


. Now / = 


mV 

12 


. Hence 


T = 


K L 


n/3 gR 


Using the values L = 1 m, g = 10 ms “ and R = 0.3 m, 
we get T = k/3 second. Hence the correct choice is 
(c). 

85. Let A 0 , T 0 and co 0 respectively be the amplitude, 
time period and angular frequency of the combined 
masses. Let v be the velocity of the bob when it 
reaches the equilibrium position and v Q the velocity 
of the combined masses just after collision. Then, 
from the principle of conservation of energy, we 
have 


^ mv 2 = - (m + m 0 ) v\ 


(D 


Now v = rco = r x — and v 0 = rco (] = r X , where 


'0 


0 


r is the length of the pendulum. Using these in (1), 
we get 

2 


1 


m x 


( 2k r > 

2 1 

(in A 

— 

= - (m + m 0 ) x 


1 T ) 

^ ' V /' 

K T 0 j 


or 


n= t 


] m + m 


m 


- , which is choice (d). 


86. From the principle of conservation of angular 
momentum, we have 

m vA = (m + /;7 0 ) v 0 A Q 
or mrcoA = (m + m 0 ) rco 0 A 0 


(2n\ J , 

( 2k ^ 

— ) A =(m + m 0 ) 


V T ) 

K To ) 


or 


or 


A 0 =A 


A 0 =A 


C T \ 


_0 

kT / 


m 


{ m + m 0 ) 


\m + m 0 

( m \ 

1 m 

l m + w 0 y 


= A 


m 


m + m 0 

Hence the correct choice is (b). 

87. There are two perpendicular acceleration vectors; 
g acting vertically downwards and a acting 
horizontally. The resultant acceleration is given by 


= Vr 2 • - 2 


Se ff= 

Hence the correct choice is (d). 

88. The correct choice is (c). Refer to the solution of Q. 
100 on page 10.58. 
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The kinetic energy is equally shared between masses 
A and B and the spring is at maximum compression, 
i.c. 


T' = 2n 




1 2 1 2 1 2 

— kx = — mu + — mu = mu 

2 2 2 


Thus, kinetic energy of A - B at maximum 

.2 


' y\ 2 


compression mu = m 


mv 




1 


2 m „ , 

= -. Hence the 


Using (i) notice that — kx = 
correct choice is (b). 

95. We can write, 4 cos 2 f — 1 =2x2 cos z I — 


= 2 x (1 • cos /). Therefore, 

y = 2 x (1 + cos /) x sin (1000 t) 

= 2 sin (1000 /) + 2 cos t sin (1000 t) 


= 2 sin (1000 0 +sin (1001 /) + sin(999/) 


Thus y is a superposition of three simple harmonic 
motions of angular frequencies 999, 1000 and 
1001 rad s _l . Hence the correct choice is (b). But 
a superposition of two or more simple harmonic 
motions of different frequency does not produce 
a simple harmonic motion. The statement of the 
question is incorrect. 


96. If the wire extends by an amount x when a force F is 
applied to it, then 


Y= FIA 
xlL 


FL 

Ax 


or F = 


f-V 

l L ) 



Thus the force constant of the wire is k. If K is the 
force constant of the spring, then the force constant 
of the scries combination of the wire and the spring 
is given by 


J_ = I J_ 
r 


or k' = 

= YAK 
(Y A + KL) 


k K 


kK 


YA 
_ L 


xK 


(k + K ) 





The time period of the combination is 


Using (i) in (ii) we find that the correct choice is (b). 


97. Let the force F produce a deformation jc. When this 
force is withdrawn, the force that tries to restore 
block A to its equilibrium position is proportional to 
x and is given by 


Acceleration 


f = -rjLx 

d 2 x f 
dt 2 M 


2*x 
M 


= - Of X 


where co = . The angular frequency of this 


M 


simple harmonic frequency is co. Now T = 


2k 


CO 


Therefore 


T = 2k 



98. The motion of the particle is simple harmonic. The 
particle is at one extreme position x = 0 at / = 0 and 
at the other extreme position at x = 1 unit at / = Is. 
Therefore, the lime period of the motion is T = 2 s 

and its amplitude A = ^ unit. Therefore, the angular 

frequency is co = 2k!T = 2k!2 = k rad s '. The 

maximum acceleration is a max = cor A = (k)~ x — = 

2 . 

4.93. Thus, the value of a can exceed 2 and can be 
greater than 4 at some points in the path of the particle. 
Further, in simple harmonic motion, a changes 
sign and cannot remain positive in the time interval 
0 < t < 1 s. Hence the correct choice is (c). 

99. Figure 10.51 shows the plot of U(x) versus x. 

At x = 0, potential energy U( 0) = k[ 1 - exp (0)] 
= k( 1 - 1) = 0 and it has a maximum value = k at 
x = ±oo since 

t/(±oo) = £[l - exp (-± °o) 2 ] = A-(1 -0) = £ 

Since the total mechanical energy has a constant value 
= (k/ 2), the kinetic energy will be maximum at x = 0 
and minimum at .v = ± «>. At x = 0 


' dU s 

ydXy x=0 


= [2 kx exp (-x 2 )] atJC = 0 =() 
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Hence the particle is in stable equilibrium at x = 0 
(origin) and would oscillate about x = 0 (for small 
displacements) simple harmonically. Hence (d) is the 
only correct choice. 

100. The acceleration of the vehicle down the plane is 
g sin a. The reaction force acting on the pendulum 
bob gives it an acceleration a = g sin a up the plane. 
This acceleration has two rectangular components 
a x = a cos a = g sin a cos a and a v = a sin a = 
g sin~ a as shown in Fig. 10.52. 


a y A 




*" a x 


Y 

9 


(X 


Fig. 10.52 


The effective acceleration due to gravity acting on 
the bob is given by 

Serf = a \ + (g ~ a y f 

= a \ + S 1 + a\ - 2ga y 

= g sin - a cos a + g + g sin a 

- 2g 2 sin 2 a 

= g 2 sin 2 a (cos 2 a + sin 2 a) + g 2 

- 2 g sin a 

= g 2 (1 - sin 2 a) = g 2 cos 2 a 


or gcff=g™sa 


Now 


T = 2n 



= 2k 


V 


g cos a 


Hence the correct choice is (a). 

101. The force constant ofa spring is inversely proportional 
to its length. If a spring of length L is cut into two 
pieces of lengths x and (L - x), such that 


x = 2(L - x) or x = 


2 L 
3 




then the force constant of the spring of length x is 
related to the force constant k of the complete spring 
of length L as 




which is choice (b). 

102. To form a stationary wave, waves y and y must 
travel in opposite directions. Wave y = a cos (kx - 
cot) travels along the positive x-direction. Waves y 
= -a cos (Ax - cot) and y = - a sin (Ax - cot) in choices 
(b) and (d) travel along positive x-direction. Hence 
choices (b) and (d) are not possible. Choice (a) is 
also incorrect because at x = 0 

y = a sin cot and y = a cos (- cot) = a cos cot 


Therefore, the resultant displacement at x = 0 which 
is y + y r = a sin cot + a cos cot is not zero, i.e. these 
waves do not produce a node at x = 0. Choice (c) is 
correct because at x = 0, y + y = 0. 


103. Because the rope has a finite mass, the tension in the 
rope is different at different points on the rope. At 
the top where the rope is rigidly fixed, the tension = 
weight of the rope + the weight attached to the free 
end of the rope = 6 kg + 2 kg = 8 kg wt. Tension at 
the free end of the rope = 2 kg wt. 


Since v = J— , if the tension becomes 4 times, the 
m 

velocity of the pulse is doubled. Since the frequency 
cannot change and A = p/v, if v is doubled, A is also 
doubled. Hence the correct choice is (c). 


104. For a closed tube v= —. For an open tube v'= —. 

4 L 21 

Hence V = 2^ = 2x512 = 1024 Hz. Thus the correct 


choice is (a). 

105. When two waves of amplitudes a, and a 2 superpose 
to produce beats, the resultant amplitude of the 
maxima of intensity is 

A = a x + a 2 

Now, intensity (amplitude)*'. Since the two waves 
have the same intensity, their amplitudes are equal, 
i.e. c/, = a 2 = a. Thus A = 2a. Therefore, A - 4 a~ or 
/max = 4/. hence the correct choice is (b). 

106. Distance between adjacent nodes (or antinodes) = 
A/2. Also 


2k 

T 


= coefficient of x in the argument of 
the sine function = A 
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2 ^ 

or X — —. Hence, the distance between 

k 

adjacent nodes = — . 

k 

107. If the train is going away from the observer, the 
apparent frequency is 


= 


vv 


V + U | + u 
V 


(i) 


It is observed that v= 1.2 v,. In the second case, the 
apparent frequency is 


^2 = 


v 


v(v - u) 

V 

1 


= V 


V V) 


or 


v- 


I - U 

K v) 


(ii) 


Now, from (i) we have — = 1 + — or 1.2 = 1 + —, 


v 


v 


V 


u 


or u = 0.2 v or — = 0.2. Using this in (ii), we get 

v 

v 5 

— = — = 1.25. Hence the correct choice is (b). 
v 2 4 


108. For pipe P, : v, = 


For pipe P 2 : v 3 = 


v 


4L\ 
3v 
2 U 


It is given that v, = v 3 . Therefore, L X !L 2 = 1/6 which 
is choice (b). 

109. The speed of the wave in the string is given by 

.-f 

According to Hooke’s law, tension (7’) extension 
(a ). Hence v . Therefore 

e: = = l22 

V VA 

Hence the correct choice is (a). 

110. Particle velocity V — [A sin (kx - cot)] = 

dt dt 

A co cos (kx -cot) 

Hence F max = A co, which is choice (a). 

111. Standing waves are formed on the string. Particle 
displacements are given by 


y = a sin 


2k x \ 


X ) 


cos (2 nft) 


dy 

Particle velocity V— — 

cit 


= (-2 7rf'a) sin 


2k x 


sin (2 Kft) 


( Hma X = 2 Kfa 


V 


Given (F) max = — . Therefore, 


10 


v v 

2 Kfa = — or/= —— 
10 207TC/ 


10 ms 


-l 


__10 3 

20^rxl0“Tn 2k 


Hz 


Now 




10 ms 


-i 


/ 10“ 3 /27T Hz 


= 2k x10 2 m 


Hence the correct choice is (a). 

112. For a gas, adiabatic elasticity E = yP where 
y= CJC V and P is the pressure. The speed of sound 
in the gas is given by 

v fl frl frK 

Vp V P V M 

where M is the molecular mass and R is the gas 
constant. Thus (since T is the same) 

4 
28 


v 


N _ 


M 


He _ 


V, 


M 


He V 1VI N 

113. Frequency of the fundamental mode is given by 

i if 

v = - 


2L V m 

T = tension and m = mass per unit length 

_ ( 1 / 21 ) _ 

• • 

V-, 


= 2 


m 


Now 


and 


Hence 


m \ = 


(1/4L) yJrJnu 

k( 2r) 2 Lp _ 


tth 


A/, 


L 

a 


- = 4 Kr p 


m 2 — 


= M 2 K(rY(2L)p _ , 

21 2 L ' P 


v 


i _ 




= 2x 


Kr 2 p 


\ 4 Kr 


= 1 


114. In simple harmonic motion, the speed of the particle 
is the maximum at the mean position a = 0, decreases 
as it moves towards the extreme position becoming 
zero at the extreme position a = A. Hence the 
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particle will take shorter time to move from a = 0 to 

A A 

x = — than to move from x = — to a -A. Thus, the 
2 2 

correct choice is (a). 


115. Given y { = A sin 


( KX N 


\ L j 


sin cot = A(x) sin cot . If m is 


the mass of the string, its energy is 

1 1 

E { = — m co 2 J A 2 (x) dx 
^ o 


1 

= — m co 
2 


" A 2 j* sin' 


KX 

T) 


dx 


1 


= - m or 
2 




o 


1 - cos 


( 2KX 


\ 


V L ) 


dx 


1 2 a! 

= - m or A" 
4 


L . (2k x^ 
x -sin 


2k 


v 


L ) 


o 


= - m co 2 A 2 (L - 0) = - m or A 2 L 
4 4 


Similarly, E 2 = ^ m(2co) 2 A 2 J sin 2 ^ 


dx 


= 2 m co 2 A 2 J — j 1 


o 


— <1 — cos 
2 


4kx 


dx 




= m co 2 A 2 L 


E 1 

— = — or E 2 = 4E\, which is choice (c). 


f 


116. For train A: v A = v 


u A = 0.1 v 


For train B: v B = v 


v +11 a 


or 5.5 = 5 


k v 


V + 11 A 
K v 


(v + u B ) 

or 6.0 = 5 

(v + u B ^ 

{ V ) 


K V ) 


u B = v/5 = 0.2 v 


u 


B _ 


It 


0.2v 

OAv 


= 2, which is choice (b). 


117. Let L be the length of the wire between the bridges 
and let m be the mass per unit length of the wire. 


Five antinodes on a length L implies that L = — A, or 
2 L 

A, = — . Thus in this case we have 
1 5 

V| = Y" = ~ > where T l -M l g 

A, 2L V m 


Three antinodes on a length L implies that L = — A 2 

or A 0 = — . In this case, we have 
3 


v 2 = y- = 2- JL , where T 2 = M 2 g 
A 2 2L V m 

Given v, = v 2 , M ] = 9 kg and M 2 = M Therefore, we 
have 


5 9 g 3 Mg 


2 L \ m 2 L V m 

which gives M = 25 kg. Hence the correct choice is 
(a). 

118. Given v = 330 ms 1 and u p = 22 ms '. The apparent 
frequency of the police man’s horn of frequency 176 
Hz as heard by the motorcyclist is given by 


v, = 176 1^^ 
330-22 , 


176 

308 


(330 - uj (i) 


The apparent frequency of the stationary siren of 
frequency 165 Hz as heard by the motorcyclist is 
given by 


v 2 = 165 |^±^ 

1 330 


(ii) 


Since the motorcyclist does not observe any beats, v, 
= v 2 . Equating (i) and (ii) and solving for u m we get 
u m = 22 ms -1 . 

Hence the correct choice is (b). 

119. Given x - A cos cot. As a function of a, the PE is 
given by 

PE = - mco 2 x 2 
2 

At .v = 0, PE = 0. Hence the correct graph is 111. As a 
function of t , the PE is given by 

PE = — mar (A cos cot) 2 
2 

= — mco 2 A 2 cos 2 cot 


1 


At / = 0, PE is maximum equal to — nicer A . Hence 

the correct graph is /. Thus, the correct choice is (a). 
120. Let v be the frequency of the tuning fork and e the 
end correction. Given L ] = 0.1 m and L 2 = 0.35 m 


v = v, = 


1 


yp 


4 (L\+e))J p 


(i) 
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y = y.= 


yP 


4 (L 2 + e) V P 


(ii) 


Equating (i) and (ii), we get 

1 = 3 

Lj + e L 2 + e 


1 


or 


0.1 + c 0.35 + c 


which gives e = 0.025 m. Hence the correct choice is 
(b). 

121. Velocity of the body at time t is 

dx 


v = 


dt 


= (6 x 100) cos 


100/ -t- — 
4 


cm s 


v max = 600 cm s — 6 ms 

1 j 1 7 

Maximum KE = — mv max = — x 1 x (6)“ = 18 J 

Hence the correct choice is (b). 

30 

122. Beat frequency v b = — = 10 per second. Now 

3 


v v 

V* = V,-v 2 = — — 

A, A 2 


or 


Lbv h 5x6x10 , 

v = - 1 ^ = -= 300 ms 1 

(A,-A 2 ) (6-5) 


Hence the correct choice is (a). 

23. Since the particles start from x = 0 and have the same 
amplitude but different time periods, they will meet 
again at a = 0 where their velocities are maximum 
equal to aco l and a( 0 2 , i.e. 


*1 _ _ 


2k 


x 


2 _ 


T-, 


v - 


COj 


Ty 2k 


r, 3 


Hence the correct choice is (b). 


24. 


E x =\-marx 2 or Je x = xj± 


may 


J? ^ -2- 2 

E 2 = — mar y or 

1 ? ? 
E= - mar (a +y) 


or 




nuo 


( 1 ) 


( 2 ) 


Je = (* + >') ( 3 ) 


From (1), (2) and (3) it follows that 
y/E = y[E^ + 


or 


E E ] + E 2 + 2< s /£ 1 E 2 
which is choice (c). 

125. Let the frequency of fork C be n. then n A = n + 0.03 n 
= 1.03 n and n B = n - 0.02 n = 0.98 n. The beat 
frequency is 

*b = ,7 a - «B 

or 5 = 1.03 n - 0.98 n = 0.05 n 

which gives n = 100 Hz. Hence n A = 1.03 x 100 = 
103 Hz which is choice (c). 

126. Let the body be displaced by a distance a. If the 
restoring force is F h then the angular frequency of 
the resulting simple harmonic motion is given by 

K 
m 


-> i\ K x F } 
OTt = — = - = — 


1 


(i) 


m x mx 


where m is the mass of the body. For force F 2 , we 
have 


2 _ P 2 


0 ) 2 = 


m x 


(ii) 


If F x and F 2 act simultaneously, then 


2 F\ + F 2 

or = — -- 

mx 


(iii) 


From (i), (ii) and (iii) we get 


co~ = C0 ‘j + co 2 


or 


or 


2k 

T 


\T X j 


+ 


^2^ x 


V l 2 J 


or 


or 


T 


1 J_ 

rp 2 rp2 

J \ 7 2 


25 25 

-4-- 


1 


4\ 2 


+ 


1 


16 


5. 

25x25 

16x9 


/3\ 2 

^5 > 

= 25x25 
144 


T = 


144 


\ 2 _ 

25x25 ~ 25 S ’ 


which is choice (a). 

127. Given 4ir = 25 - a . Differentiating with respect to 
time t, we have 


or 


0 d v ^ ^ dx 

8i> — = 0 - 2 a — 
dt dt 

8 va = - 2a v 


dv dx ^ 

*.* a = —, v = — 
dt dt 
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directed along the negative jc-axis. Consequently, 
the force of friction fimg will act along the positive 
x-axis. The weight mg of the block will be balanced 
by the normal reaction R . The block will not slip on 
the surface of the table, if the acceleration a of the 
motion of the table is such that 


jAmg > ma or fig > a 


R 

A 


ma 


m 


Table Top 




a 


mg 


x-axis-►- 


Fig.10.53 


Therefore, for no slipping, the table can have a 
maximum acceleration <7 max = fig. We know that, 
for a simple harmonic motion, a max = or A, where 
co is the angular frequency and A the amplitude of 
the motion of the table. Therefore, the maximum 
amplitude is given by 

^ ^ max — Bg 


or 


max 


= EK= vs ? 2 

or 4 n 2 


5 


which is choice (c). 

133. The angular frequency of the system is 

r * r 

co = --- 

_(M + m ) 


(1) 


The upper block of mass m will not slip over the 
lower block of mass M if the maximum force on the 
upper block f m . dX does not exceed the frictional force 
Iumg between the two blocks. Now 


f 


max = w «max = wft ™max 



where c/ m . 1Y is the maximum acceleration and A mav is 

iTlclA ITlclX 

the maximum amplitude. Using (1) in (2), we get 


/ 


max 


mk ^max 

(M + m) 


For no slipping, f max = JJmg 


or 


mk 4nax 

(M + m ) 


= /.img or A nmx = 


ju(M + m ) g 


which is choice (c). 

134. The blocks will move together as long as the frictional 
force of block B = mass of block B x maximum 
acceleration of its S.H.M., i.e. 

r 2 

J - m co a 


where 


co = 


k 


(m + m) v 2m 


Thus 


/ = m x — x a 
2 m 

= ka! 2, which is choice (b). 


135. Given y = t . The velocity of the lift varies with / as 

dy 

v = — =2 1 
dt 

.*. Acceleration a = — = 2 ms 2 , directed upwards. 


Hence 


dt 


r =2 k 


g + <* 


and 


T=2k J- 
g 


r 

T 


g 


10 


(10 + 2 ) 


g + a 

The correct choice is (b) 

136. The density p of a wire of mass M, length L and 


diameter d is given by 

4 M 


4m 


Now 


P = 


^ = 


nd 2 L nd 1 


m 


and v B = 


m 


B 


V A _ l m B _ d B 


V 


B 


m A d A 


but v A = nX A and v B - nX B , n being the frequency of 
the source. 

u v A d B 0.5 x 10” 3 

Hence —L=—L = -!L = --— = 0.5 


^B V B d A 


10 


-3 


which is choice (a). 

137. The frequency of the n th hormonic is 420 Hz. The 
frequency of the (n *l)th harmonic is 490 Hz. 
Therefore, 

420 = —J^ 

2 L V m 


and 


490 = 


(/7 + 1 ) 



2 L v m 

Dividing, we have 

490 (/? + !) 


420 


n 


which gives n = 6. 
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138. Let L be the original length of the wire. The contrac¬ 
tion / in length when the temperature falls by AT is 
given by 

/ = LaAT 


Strain in wire is — = a AT 

L 


(i) 


Since the wire is rigidly fixed at its ends, it cannot 
contract, producing a tension T in the wire which 
caused the strain HE. If A is the cross-section area of 
the wire, we have 


v stress T/A TL YA1 ... 
Y= -=-=-or 7 =- (2) 


strain HL Al 

The mass per unit length of the wire is 
m = A p 

The speed of transverse wave is given by 

Using (1), (2) and (3) in (4) wc get 


L 


(3) 


(4) 


v = 


YaAT 


V 


, which is choice (a). 


39. The fundamental frequency of the vibration of a wire 
of length L, mass m per unit length and under tension 
T is given by 


1 T 
V ~ 2L\m 


( 1 ) 


If the tension is increased by 44%, the new tension is 


V = T + 


44 

100 


x T= T+0.44 T 
= 1.44 T 


is (d). Choices (a), (b) and (c) represent a stationary 
or standing wave. 

141. If the length is increased by 20%, the new length is 

V =L + — = 1 2L 
100 

The original frequency is 

i if 


v = 


2 L V m 


Since T and m are the same, the new frequency will 
be 

1 IT 1 IT v 


v = 


2L'\m 1.2x2L Vm 1.2 


30 


Now v= 30 Hz. Therefore, v' = — = 25 Hz. Thus. 

1.2 

the frequency decreases by 5 Hz. Hence the correct 
choice is (a). 

nv 

142. For a closed pipe, v n = -—; n = 1, 3, 5, ... etc 

4 L 


For an open pipe, v' n = 


nv 
2 L 


; n = 1, 2, 3, ... etc 


where 


yP 

v = 1 


For the closed pipe vibrating in the first harmonic (n 
= 1), we have 


v 7 ! = 


_ J_ \YL 

V p, 


( 1 ) 


For the closed pipe vibrating in the third harmonic (n 
= 3), we have 


, _ 3 yP 


V 3 = 


2 L 2 V p 2 

Given Vj = v ' y Equating (1) and (2), we get 


( 2 ) 


Since L is kept constant, the new fundamental 
frequency is 

' = _L frL = 1 \ iMT - 12 [l 

V 21 A m 2L V m 2L\m 

Comparing this with Eq. (1), wc have 
v ' = 1.2 v 

Given v' - v = 6 Hz. Hence v + 6 = 1.2 v 

which gives v = = 30 Hz, which is choice (b). 

0.2 

140. A travelling wave is characterized by wave functions 
of the typ ey=f(vt + x) or y=f(vt-x) where/stands 
for sine or cosine function. Hence the correct choice 


h. = I |£i 
4 6 V Pl ' 

Hence the correct choice is (d). 

143. The frequency of sound is a characteristic of its 
source. Hence frequency of sound is the same in air 
as is water. Therefore, the observer in air will receive 
a sound of frequency 600 Hz. If X a and X w arc the 
wavelengths in air and water resptively, then 


v = 


_ _ 


a 


V 


K 

300 


which gives A = — = 1 — =0.5 m 

v 600 
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p = p . = p 
1 max min 0 

So the correct choice is (d). 

22. At a node, the pressure variation is maximum equal 
to AP () . Hence, at a node 

^ma x = ^0 + ^0 

and P mm = P 0 ~ AP 0 
Thus the correct choice is (a). 


Questions 23 to 25 are based on the following passage. 


Passage VIII 

A wire of mass 9.8 x 10”' kg per metre passes over a 
frictionless pulley fixed at the top of an inclined frictionless 
plane which makes an angle of 30° with the horizontal. 
Two masses and M 2 arc tied at the two ends of the 
wire. Mass M ] rests on the inclined plane and mass M 2 
hangs freely vertically downwards. The whole system is 
in equilibrium. Now a transverse wave propagates along 
the wire with a speed of 100 ms \ 

23. The tension T in the wire is 


(a) 0.98 N 
(c) 98 N 

24. The value of mass M, is 
(a) 2 kg 

(c) 10 kg 

25. The value of mass M 2 is 
(a) 5 kg 

(c) 15 kg 


(b) 9.8 N 
(d) 980 N 


(b) 5 kg 
(d) 20 kg 

(b) 10 kg 
(d) 20 kg 



Solutions 


23. Refer to Fig. 10.56. Let T be the tension in the string 
when the system is in equilibrium. 

It follows from the figure that, at the equilibrium 
position, the component Af,g cos 0 of weight A/, g 
balances with the normal reaction N and the other 
component A/, g sin 0 will balance with tension T in 
the string. Also weight M 2 g of mass M 2 will balance 
with tension T. Thus 



A/j g sin 0= T (1) 

and M 2 g= T (2) 

Now, the speed of a transverse wave in a wire of 
mass m per unit length and stretched with a tension 
T is given by 

v = 



or T=v 2 m (3) 

Given m = 9.8x10' kg m 1 and v = 100 ms 1 . Using 
these values in Eq. (3), we have 

r=(100) 2 x 9.8 x 10 3 = 98 N 
24. From Eq. (I), we get 


25. 


T 98 

= —— = -—- 

gsinfl 9.8 x sin 30° 
Thus the correct choice is (d). 

From Eq. (2), we have 


= 20 kg 



98 

<L8 


10 kg, which is choice (b). 


Questions 26 to 28 are based on the following passage. 

Passage VIII 

A source of sound of frequency 90 Hz is moving towards a 
wall with a speed it = y/10, where v is the speed of sound 
in air. 

26. The beat frequency of the sound heard by an observer 
between the wall and the source is 

(a) 20 Hz (b) 10 Hz 

(c) 5 Hz (d) zero 

27. The beat frequency of the sound heard by an observer 
behind the source is 


(a) 

200 Hz 

9 

(b) 20 Hz 

(c) 

200 Hz 

11 

(d) zero 


28. The beat frequency of the sound heard by the observer 
moving with the source is 

(a) 11 Hz (b) 9.9 Hz 

(c) 10 Hz (d) 20 Hz 



Solutions 


26. The observer hears two sounds—one coming 
directly from the approaching source and the other 
sound after reflection from the wall (which can be 
considered as coming from the mirror image of the 
source). The apparent frequency of the approaching 
source is 
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v = v 


V 


= 90 x 


\V-u sJ 


v 


= 100 Hz 


v- z^/10 

When the observer is between the wall and the source, 
the apparent frequency of the sound reflected from 
the wall is also v'. Therefore, frequency of beats = 
v' - v' = 0. The observer will not hear any beats. 

So the correct choice is (d). 


27. When the observer is behind the source, i.e. when 
the source is between the wall and the observer, the 
apparent frequency of the sound coming directly 
from the receding source is 


// 

V = V 


V 


{ V + u s ) 


= 90 x 


r 



\ v+ v/\0) 


900 

11 


Hz 


• • 


Beat frequency = v'- y" = 100 


900 

11 


Hence the correct choice is (c). 


200 

11 


Hz. 


28. If the observer is moving with the source, the 
frequency of the direct sound is v = 90 Hz. The 
apparent frequency of the reflected sound is 


v - u 


s ) 


{ v + v/\0) 

=90x U^J 

Beat frequency = v'"- v = 
So the correct choice is (d). 


= 110 Hz 
110-90 = 20 Hz 


3 

SECTION 


Assertion-Reason Type Questions 


In the following questions, Statement-1 (Assertion) is 
followed by Statement-2 (Reason). Each question has the 
following four choices out of which only one choice is 
correct. 

(a) Statement-1 is true, Statement-2 is true and 
Statement-2 is the correct explanation for 
Statement-1. 

(b) Statement-1 is true, Statement-2 is true but 
Statemcnt-2 is not the correct explanation for 
Statement-1 

(c) Statement-1 is true, Statement-2 is false. 

(d) Statement-1 is false, Statement-2 is true. 

1. Statement- 1 

If a spring of force constant k is cut into two equal 
halves, the force constant of each half is 2k. 

Statement-2 

When an elastic spring is extended by an amount jc, 

. 1 9 

the work done is - kx . 

2 

2. Statement-1 

A particle executes simple harmonic motion between 
x = - A and x = + A. The time taken for it to go from 
x = 0 to jc = All will be less than the time taken for it 
to go from x = All to x = A. 


Stateinent-2 

In simple harmonic motion, the speed of the particle 
is the maximum at the mean position x = 0 and 
decreases as it moves towards the extreme position 
becoming zero at jc = A. 

3. Statement-1 

A body is executing simple harmonic motion. At 
a displacement jc, its potential energy is E { and 
at a displacement y, its potential energy is E 2 . 

The potential energy at a displacement (.v + y) is 
E = V^i 2 + E\ . 

Statement-2 

For a body executing simple harmonic motion, the 
potential energy is proportional to the square of its 
displacement from the mean position. 

4. Statement-1 

The time period of a simple harmonic oscillator 
depends upon its amplitude and force constant. 

Statement-2 

The frequency of a simple harmonic oscillator is 
determined by elasticity and inertia. 
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8. The correct choice is (c). The restoring force when 
the string makes an angle 9 with the vertical is given 
by F = - mg sin 0, which depends upon m. 

9. The correct choice is (b). Restoring force is F = 
- mg sin 0 or F = - mg e where g e = g sin 0. For small 
oscillations, 0 is small so that sin 9-0 (here 9 is in 
radian) and the effective value ofg is g e 9. For larger 
oscillations g sin 9 is less than gO because sin 9 < 9. 

Hence T is greater than 2 n^lf g . 

10. The correct choice is (d). The tension in the string is 
given by 

'T * , mv 1 2 

where / = length of the pendulum, v its speed when 
the string makes an angle 9 with the vertical. 

11. The correct choice is (a). Gases cannot withstand a 
shearing stress or longitudinal stress. Hence they do 
not have shear modulus and Young’s modulus; they 
have only bulk modulus. 

12. The correct choice is (a). When two waves of 
amplitudes a ] and a 2 superpose to produce beats, the 
resultant amplitude of the maximum of intensity is 

A = a x + a 2 

Now, intensity °c (amplitude) 2 . Since the two waves 
have the same intensity, their amplitudes are equal, 

i.e. cj\= a 2 = a. Thus A = 2a. Therefore, A“ = 4 a~ or 
/ =41 

13. The correct choice is (a). 

14. The correct choice is (a). Gases cannot withstand a 
shearing stress. Hence gases do not have any shear 


modulus; they have only bulk modulus. Solids have 
Young’s modulus, bulk modulus and shear modulus. 
Therefore, solids can support both transverse and 
longitudinal waves. 

15. The correct choice is (c). 

16. The correct choice is (d). When a musical instrument 
is played, it produced a fundamental note which 
is accompanied by a number of overtones called 
harmonics. The number of harmonics is not the same 
for all instruments. It is the number of harmonics 
which distinguishes the note produced by a sitar and 
that produced by a violin. 

17. The correct choice is (a). If the source of sound is 
moving at a speed greater than the speed of sound, 
then in a given time the source advances more than 
the wave. The resultant wave motion is a conical 
wave called a shock wave which produces a sudden 
and violent sound. 

18. The correct choice is (d). 

19. The correct choice is (a). 

20. The correct choice is (a). 

21. The correct choice is (a). 

22. The correct choice is (a). In case (i) the speed of 
sound relative to the observer remains unchanged; the 
change in frequency is due to a change in wavelength 
brought about by the motion of the source. In case 
(ii) the wavelength of sound remains unchanged; the 
change in frequency is due to a change in the speed of 
sound relative to the observer. 


4 Previous Years' Questions from AIEEE, IIT-JEE, 
JEE (Main) and JEE (Advanced) 

SECTION (with Complete Solutions) 


1. A and B are two identical tubes. Tube A has both ends 
open while tube B has one end closed. The ratio of 
fundamental frequency of A and B is 

(a) I : 2 (b) 1 : 4 

(c) 2 : 1 (d) 4 : 1 [2002] 

2. Two tuning forks produce 4 beats per second. One 
fork has a frequency of 288 Hz. A little wax is placed 
on the prong of the fork of unknown frequency and it 
then produces 2 beats per second. The frequency of 
the unknown fork is 


(a) 286 Hz (b) 292 Hz 

(c) 294 Hz (d) 288 Hz [2002| 

3. A wave y = a sin ( cot - kx) on a string meets with 

another wave producing a node at x = 0. Then the 
equation of the unknown wave is 

(a) y = a sin (cot + kx) (b) y = -a sin (cot + kx) 

(c) y = a sin (cot - kx) (d) y = - a sin (cot - kx) 

120021 

4. A string of length 40 cm is tied to two rigid supports. 
The maximum length (wavelength in cm) of a 
stationary wave produced in it is 
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(a) 20 (b) 80 

(c) 40 (d) 120 |2002] 

5. When temperature increases, the frequency of a 
tuning fork 

(a) increases 

(b) decreases 

(c) remains unchanged 

(d) increases or decreases depending on the 

material. |2002| 

6. A child is swinging on a swing in sitting position. If 
he suddenly stands up, the time period of the swing 
will 

(a) increase 

(b) decrease 

(c) remain unchanged 

(d) increase if the child is tall and decrease if he is 

short. |2002| 

7. A simple pendulum is oscillating without damping. 
When the displacement of the bob is less than 
maximum, its acceleration vector is correctly shown 
in 






8. A siren placed at a railway platform is emitting sound 
of frequency 5 kHz. A passenger sitting in a moving 
trainrecords a frequency of 5.5 kHz while the train 
approaches the siren. During his return journey in a 
different train B he records a frequency of 6.0 kHz 
while approaching the same siren. The ratio of the 
velocity of train B to that of train A is 

(a) 242/252 (b) 2 

(c) 5/6 (d) 11/6 |2002] 

9. A sonometer wire resonates with a given tuning fork 
forming standing waves with five antidotes between 
the two bridges when a mass of 9 kg is suspended 
from the wire. When this mass is replaced by a mass 
M, the wire resonates with the same tuning fork 


forming three antidotes for the same positions of the 

bridges. The value of M is 

(a) 25 kg (b) 5 kg 

(c) 12.5 kg (d) (1/25) kg |2002| 

10. A mass M is suspended from a spring of negligible 
mass. The mass is pulled a little and released so that 
it executes SHM of time period T. If the mass is 

increased by w, the time period becomes 5773. Then 

, . m . 

the ratio — is 

M 


(a) 2 

(b) 25 


5 

9 


, v 16 

(c) 

9 

(d) 2 

3 

|2003] 

11. Two bodies A and 

B of equal 

masses are 


suspended from two massless springs of spring 
constants A, and A 2 , respectively. If the maximum 
velocities during oscillations arc equal, the ratio of 
amplitudes of A and B is 



|2003| 


12. The length of a simple pendulum is increased by 
21%. The percentage increase in the time period is 

(a) 11% (b) 21% 

(c) 42% (d) 10.5% |2003| 


13. The displacement of a wave travelling in the 
.^-direction is given by 


v =10 4 sin 


t 


600/ -2x + - 
3 


where y and* are in metre and t in second. The speed 
of the wave (in m s ') is 


(a) 300 (b) 600 

(c) 1200 (d) 200 |2003| 

14. The displacement of a particle varies according to 
the relation * = 4 (cos nt + sin m). The amplitude of 
motion is 


(a) -4 (b) 4 

(c) 4 n/ 2 (d) 8 [2003] 

15. A metal wire of linear mass density of 9.8 g m 1 
is stretched with a tension of 10 kg-wt between 
two rigid supports 1 m apart. The wire passes at 
its middle point between the poles of a permanent 
magnet and it vibrates in resonance when carrying 
an alternating current of frequency n. The frequency 
n of the alternating current source is 
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(a) 50 Hz (b) 100 Hz 

(c) 200 Hz (d) 25 Hz | 2003 | 

16. A tuning fork of frequency 256 Hz produces 5 beats 
per second with a vibrating string of a piano. The 
beat frequency decreases to 2 beats per second when 
the tension in the piano string is slightly increased. 
The frequency of the piano string before increasing 
the tension was 

(a) (256 + 2) Hz (b) (256 - 2) Hz 

(c) (256 - 5) Hz (d) (256 + 5) Hz 

12003] 

17. A body executes simple harmonic motion. The 
potential energy (PE), kinetic energy (KE) and total 
energy (TE) are measured as function of displacement 
*. Which of the following statements is true? 

(a) KE is maximum when * = 0 

(b) TE is zero when x = 0 

(c) KE is maximum when* is maximum 

(d) PE is maximum when x = 0 ( 2003 ] 

18. For a particle executing simple harmonic motion, 

the displacement x is given by* = A cos co t. Identify 
the graph which represents the variation of potential 
energy (PE) as a function of time t and displacement*, 
(a) I, III (b) II, IV 

(c) II, III (d) I, IV 




19. A police van, moving at 22 ms \ chases a motor¬ 
cyclist. The policeman sounds his horn at 176 Hz, 
while both of them move towards a stationary siren 
of frequency 165 Hz, as shown in the figure. 

Police Van Motorcycle Stationary Siren 

#-► 22 ms -1 #-► u m # 

176 Hz 165 Hz 


If the motorcyclist does not observe any beats, his 
speed must be (take the speed of sound = 330 ms ') 
(a) 33 ms -1 (b) 22 ms -1 

(c) zero (d) 11 ms -1 [2003] 

20. In the experiment for the determination of the speed 
of sound in air using the resonance column, it is 
observed that 0.1 m of air column resonates with 
a turning fork in the fundamental mode. When the 
length of the air column is changed to 0.35 m, the 
same tuning fork resonates, with the first overtone. 
What is the end correction? 


(a) 0.0125 m (b) 0.025 m 

(c) 0.05 m (d) 0.075 m ( 2003 ] 

21. The bob of a simple pendulum executes simple 
harmonic motion in water with a period t , while the 


period in air is / 0 . The density of the bob is 


(4 ) 

x 400 
V 3 


kg m \ If the frictional force (viscosity) is neglected. 


the relation between t and t 0 is 

(a) t = t Q (b) t = t -± 

2 


(c)t=2t 0 (d)? = 4f 0 [2004| 

22. A body at the end of a spring executes simple 
harmonic motion with a period /,, while the 
corresponding period with another spring is t 2 . If the 
period of oscillation is T when the two springs are 
connected in series, then 

(a) T=t { + t 2 (b) T 2 = t 2 + t 2 



I-I 1 

T~ 1 1 + / 2 



1 1 1 

Zi~~ + ~2 
'l *2 

|2004| 


23. 


24. 


A particle is executing simple harmonic motion. 
When its displacement is *, its total energy is 
(a) proportional to * (b) proportional to * 2 

(c) proportional toVx (d) independent of*. 

12004 ] 

The displacement y of a particle of a medium can be 
expressed as 


v = 10 sin 


100 ^ + 20 * + - 
4 


where y and * are in metre and t is in second. The 
speed of the wave (in ms" 1 ) is 

(a) 2000 (b) 5 

(c) 20 (d) 5/r 120041 

25. A particle of mass m is attached to a spring constant 
k and has a natural angular frequency co 0 . An external 
periodic force F(t) proportional to cos (cot) where 
co *co 0 is applied to the oscillator. In the steady state, 
the amplitude of the oscillator will be proportional to 
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upto a maximum of 10,000 Hz, the maximum value 
of v upto which he can hear the whistle is 
(a) 15 ms" 1 (b) 30 ms" 1 

(c) 15>/2 ms 1 (d) -^L ms 1 12006] 

V2 

36. A string is stretched between fixed points separated by 
75.0 cm. It is observed to have resonant frequencies 
of 420 Hz and 315 Hz. There are no other resonant 
frequencies between these two. Then, the lowest 
resonant frequency for this string is 

(a) 1050 Hz (b) 10.5 Hz 

(c) 105 Hz (d) 1.05 Hz [2006] 

37. Starting from the origin a body oscillates simple 
harmonically with a period of 2s. After what time 
will its kinetic energy be 75% of the total energy? 


(a) is 
3 

(c) is 
6 


(b) — s 

12 

(d) is |2006| 

4 


38. A coin is placed on a horizontal platform which 
undergoes vertical simple harmonic motion of 
angular frequency co. The amplitude of oscillation is 
gradually increased. The coin will lose contact with 
the platform for the first time 

(a) for an amplitude of g 2 /ccr 

(b) at the highest position of the platform 

(c) at the mean position of the platform 

(d) for an amplitude of g/co 2 |2006] 

39. A block A of mass m is placed on a frictionless 
horizontal surface. Another block B of the same mass 
is kept on A and connected to the wall with the help 
of spring of force constant k , as shown in the figure. 
The coefficient of friction between blocks A and B 
is /J. The blocks move together executing simple 
harmonic motion of amplitude a. The maximum 
value of frictional force between A and B is. 





(a) ka (b) ka!2 

(c) zero (d) B m g [2006] 

40. The displacement of an object attached to a spring 
and executing simple harmonic motion is given by 
x = 2 x 10 “ cos Kt metres. The time at which the 
maximum speed first occurs is 
(a) 0.5 s (b) 0.75 s 

(c) 0.125 s (d) 0.25 s [2007] 


41. A point mass oscillates along the jc-axis according to 
equation x = x 0 cos (cot - /r/4). If the acceleration of 
the particle is written as a- A cos (cot + 5), then 

(a) A = x 0 , 8= - nlA (b) A = * 0 or, 8 = /r/4 

(c) A = x 0 or, 8 = - /r/4 (d) A = x 0 co 2 , 8 = 3zr/4 

|2007| 

42. A sound absorber attenuates the sound level by 
20 dB. The intensity decreases by a factor of 

(a) 1000 (b) 10000 

(c) 10 (d) 100 [2007] 

43. Two springs, of force constant k x and k 2 , are connected 
to a mass m as shown. The frequency of oscillation 
of the mass is f If both k { and k 2 are made four times 
their original values, the frequency of oscillation 
becomes [see the figure below]. 





(a) L 


(b) L 


2 4 

(c) 4f (d) If [2007] 

44. A particle of mass m executes simple harmonic 
motion with amplitude a and frequency v. The 
average kinetic energy during its motion from the 
position of equilibrium to the extreme position is 


(a) 7T m a 2 v 


(c) 4 TTmcrv 


1 


2 ..2 


(b) — ma v 
4 

(d) iTcma 2 '? [2007| 


45. A simple pendulum attached to the ceiling of a 
stationary lift has a time period T. The distance y 
covered by the lift moving upwards varies with time 
/ as y = r where y is in metre and t in second. If 
g= 10 ms ", the time period of the pendulum will be 



(c) Jr (d) J*T |2007| 

\ 4 V 5 

46. The speed of sound is oxygen (0 2 ) at a certain 
temperature is 460 ms ’. The speed of sound in 
helium (He) at the same temperature will be (assume 
both gases to be ideal) 

(a) 330 ms 1 (b) 460 ms 1 

(c) 500 ms" 1 (d) 650 ms" 1 [2008] 


47. While measuring the speed of sound by performing 
a resonance column experiment a student gets the 
first resonance condition at a column length of 18 
cm during winter. Repeating the same experiment 
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25. (b) 

26. (a) 

27. (d) 

28. (c) 

29. (b) 

30. (c) 

31. (d) 

32. (a) 

33. (d) 

34. (a) 

35. (a) 

36. (c) 

37. (c) 

38. (d) 

39. (b) 

40. (a) 

41. (d) 

42. (d) 

43. (d) 

44. (a) 

45. (b) 

46. None 

47. (c) 

48. (b) 

49. (a) 

50. (d) 

51. (c) 

52. (d) 

53. (c) 

54. (a) 

55. (b) 

56. (d) 

57. (d) 

58. (b) 

59. (b) 

60. None 

61. (a) 

62. (b) 

63. (a) 

64. (b) 

65. (b) 




<o-' 

Solutions 



L v A 

= V and 

2 L 

3 <1 

II 

> 



^A_ _ 2 

Vb 1 


2. Refer to the solution of Example 31 of Section I. The 
correct choice is (b). 

3. Choices (c) and (d) are incorrect as they represent 
a wave travelling in the same direction as the given 
wave. Hence they cannot give standing waves. At 
a node, the resultant displacement is zero. If the 
other wave is given by choice (1), the resultant 
displacement is 

y — a sin {cot- kx) + a sin (co t + kx) 

At x = 0, y - a sin co t + a sin co t = 2a sin co t which 
is not zero for all values of t. Hence choice (1) is also 
incorrect. The superposition of the given wave with 
the wave given in choice (b) gives 

y = a sin (cot- kx) - a sin (ro t + kx) 

At x = 0, y = a sin co t - a sin co t = 0. Hence the 
correct choice is (b). 

4. The question is wrongly stated. Stationary waves are 
not travelling waves and hence they do not have a 
wavelength. Since the frequency of the fundamental 

v 

mode is minimum and since v = vA or A = — , 

v 

minimum v corresponds to maximum A. 

A max = 2L = 2 x 40 cm = 80 cm 

5. With the increase in temperature, the length of the 
prongs increases. Hence the frequency of the 

fork decreases. 

6. When the child stands up, the moment of inertia 
I of the child-swing system decreases. From the 


conservation of angular momentum about the point 
of support, Ico= constant. If I decreases, co increases. 

Now co = — . Hence time period T will decrease. 

T 

7. In the simple harmonic motion of a pendulum, the 
restoring force vector (and hence the acceleration 
vector) is tangential to the path of the bob and is 
directed towards the mean position. Hence the 
corrected choice is (b). 


8. For train: v A = v 


tt < - OAv 


v + u A 

V 


/ 


or 5.5 = 5 


+ U A 


v 


For train B: v B = v 


v + u B 


or 6.0 = 5 


v 


V + u B 
V 


u B = v/5 = 0.2 v 


u 


B 


U 


0.2 v 
0.1 v 


= 2 . 


9. Let L be the length of the wire between the bridges 
and let m be the mass per unit length of the wire. 

Five anti nodes on a length L implies that L - — A, or 

2 

2 L 

A, = —- . Thus, in this case we have 


Vi = 7 - = whcre T \ = M iS 

A| 2 L v m 

3 

Ihree antinodes on a length L implies that L-—X^ 

2 L ^ 

or A-> = — . In this case, we have 

" 3 


y _ V L 


[T 

—, where T 2 = M 2 g 


A 2 2L V m 

Given v, = v 2 , M x = 9 kg and M 2 = M. Therefore, we 
have 


A A {Ml 

2 L V m 2 L V m 

which gives M= 25 kg 


10. T = 2n. 


Mg 


— = 2k r + n ^ g 
3 V k 

Dividing we get 

5 _ IM + m 
3~\ k 

... . m 16 

which gives — = — 

M 9 


25 _ M +m 
9 m 
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r o \l 

o 


(0 


When the pendulum oscillates in water, the time 
period will be 


/= 2k, 


£eff 


(ii) 


where g eff is found a follows. Let V and <r be the 
volume and density of the bob respectively. If p is 
the density of water, the upthrust is 

U = weight of water displaced by the bob 

= pVg 

.*. Apparent weight of bob immersed in water is 
°I / g e ff= oVg-pVg 
f a - p 


=> Seff = £, 

V O 

Dividing (i) and (ii) we get 


(iii) 


/ 

I 8 

f a 1 

'o ” ' 

V £eff 

{(J-p) 


1/2 


[use Eq. (iii)] 


1/2 


x 1000 


x 100 -1000 
V 3 


= 2 


t = 2t 


o 


22. For the first spring, 


m 

h = 2 ^ Jj “ 


(i) 


For the second spring, 


t : = 2 k 


m 

k 


(ii) 


When the springs arc connected in series, the 
equivalent spring constant k is given by 

1= —+— 
k k\ k 2 

The time period of series combination is 

(iii) 


T=2nJ— 


From (i) and (ii) we have 


tp + = 4 tv m 


1 1 

-1— 

\ k\ k 2 j 


4 k 2 in _ j 2 


[use Eq. (iii)] 


23. In simple hannonic motion, the kinetic energy and 
potential energy both vary with displacement x but 


the total energy is the same for all values of x if 
friction is neglected. Hence the correct choice is (d). 
24. Here co = 100 s' 1 and k = 20 m" 1 


co 100 


V k 20 


= 5 ms 


-i 


25. Let F(t) = F 0 cos (cot) where F 0 is the maximum 
value of the externally applied force. In the steady 
state, the motion of the forced oscillator is simple 
harmonic but its frequency is equal to the frequency 
of the external force (which is 10 ). Hence 

x = A cos (cot) (i) 

The equation of the forced oscillator is 
ma = - mco 0 2 x + F(t) 

d 2 x 2 — 

= - mco {) x + F 0 cos (cot) 


m 


clt 


(ii) 


Differentiating (i) w.r.t. time t twice we have 
dx 


— = - A co sin (cot) 
dt 


and 


d 2 x 
dt 2 


= - Aco~ cos (cot) 


(iii) 


Using (iii) in (ii) we have [using Eq. (i)] 

- inAco 2 cos (cot) = - mco 0 2 A cos (cot) + F 0 cos (cot) 
=>mA (co 0 2 - or) = F 0 

Fn 

=> A = 


m(col - co 2 ) 


Hence 


1 


oc 


m(col - co 2 ) 


26. In forced oscillations, the amplitude as well as the 
energy of the oscillator is maximum at resonance. 
Resonance occurs if the frequency of the applied 
force is equal to the frequency of the oscillator, i.e. 
when co { = co 2 = CO 0 . Hence the correct choice is (a). 

27. In simple harmonic motion, the force acting on the 
particle (restoring force) is given by 

F = - kx 

where k is a positive constant. Now 

dU 


F= - 


Therefore, -kx = - 


dx 

dU 

dx 


or 


dU = kdx 

X 1 

U(x) = \kdx = -kx 2 +c 


where c is a constant of integration. 
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Time period between two consecutive maxima is 
T b = 0.5. Therefore, frequency of beats is 

1 l 

v h = — = — =2 Hz 
h 0.5 

Thus 2 beats are produced per second. 

50. Let / be the time at which the driver hears the 
sound of the siren. His speed at time t is v 0 = 
0 - at = It ms -1 . The apparent frequency is 94% of 
the real frequency (v). Therefore 


94 

100 


x v= v 


p-Pq 

V 


0.94 = 


330 -It t no 
-=> / = 9.9 s 

330 


Distance moved by the motor cycle in time t = 9.9 s 

is S = - at 2 = I x 2 x (9.9) 2 = 98 m. 

2 2 

51. If the displacement x is taken from the equilibrium 
position (as is normally the case) then 

f 2 7T 

x = A sin (cot + (p) where co = 


V T 


Then 

and 


dx 

v = — = A co cos (cot + (p ) 
dt 

dv 


2 n 


av 4 j. • / . , 

a = — - - Aco~ sin (cot + d)) 

dt 

Choice (1): aT + 2 tw = - Aco 2 sin (cot + 0) x 
2kA co cos (cot + (p) 

Choice (2): — = 


+ 


Aco 2 sin (ft)/ + 0) 2^ 

x — 


v A cos (cot + 0) 

= 2 TTtan (ft)/ + 0) 

2 -.2 _ .2 ^ 


ft) 


Choice (3): ft 2 r 2 + 4;r zr = ftrsin“(ft)/ + 0)x 
+ 4^ /l" ft) 2 cos 2 (ft)/ + (p) 


4/r 


ft) 


Choice (4): 


= 4tT A 2 co 2 , which is independent of /. 
-Aco^ sin (cot + (p) 2 k 


aT 


x 


x A sin (cot + (p) co 

= - 2 kco, which is independent of /. 
Hence choices (3) and (4) are both correct. But if the 
displacement x is measured from a reference point P 


which is a distance jc 0 from the equilibrium position 
of the oscillator, then 

x = A sin (cot + (p) + x 0 
v = A co cos (cot + cp) 
a = - A ft) 2 sin (cot + <p) 

In this case, 

aT -Ao) 2 sin( 0 )t + (j>) 2 n 

— =- x — 

x + ( j ) ) + Xo ] a 

which changes with time. Thus, in the general case, 
the only correct choice is (c). 

52. If a force F is applied to M, say to the right, let A be 
the distance moved by M If the system is released, 
it executes simple harmonic motion of amplitude A. 
IF A | and A 2 are the extensions in springs k A and k 2 
then A = (A , + A 2 ) and 

F = k x A l = k 2 A 2 

F F 

=> A , = — and A 2 = — 
k\ k 2 


A A | * A -> — F 


1 

^2 J 


\ k \ 


F(ki+k 2 ) 

k\k 2 


F = 


k x k 2 A 


(k\ + k 2 ) 

The amplitude of point P = amplitude of oscillation 
of spring k } which is 

F _ k 2 A 

A '~ A," (k l+ k 2 ) 

53. Refer to the solution of Q 83 on page 10.54. 

54. In a transverse wave, the particle displacement and 

particle velocity are perpendicular to the direction of 

propagation of the wave. Hence choices (c) and (d) 

are wrong. The particle displacements is given by 

2k ' 

(vt - x) 


y - ft sin 


A 


( 1 ) 


Putting y =5 cm and a = 10 cm in Lq. (1), we get 


sm 


2k 


(vt - x) 


\_ 

2 


2k 

=> — 
A 


(vt - x) = — 

6 


Particle velocity is 
V = 

dt 



( 2/r ' 


~2 K . 

a 

— V 

K A , 

COS 

— (vt - x) 

La J 



Given ft = 0.1 m, v = 0.1 ms l , ft = 0.1 m and 

A = 0.5 m. Also —(vt - x) = — . Putting these values 

A 6 

in Eq. (2), we get 
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ELECTROSTATICS 


REVIEW OF BASIC CONCEPTS __ 

1. Coulomb's Law 

On the basis of his measurements, Coulomb arrived at 
a law, known after his name as Coulomb’s law, which 
states that the magnitude of the electric force between 
two charges is directly proportional to the product of the 
magnitudes of charges and inversely proportional to the 
sept are of the distance between them, i.e. 

r-t ( I\ #2 


F=k q -^ 


In the SI system, k is written as \I4k £ 0 where £ 0 is called 
the permittivity of vacuum and its value is 

e 0 = 8.854 x 10 l2 C 2 N _1 m 2 


Then 


4k £, 


- 9 x 10 9 Nm 2 C -2 


The force F is attractive for unlike charges (cp q 2 < 0) and 
repulsive for like charges (cp q : > 0). 

Coulomb s Law in vector form 


Fig. 11.1 


Chapter 


Case (a): Unlike charges (cp q 2 < 0) [Fig. 11.1(a)] 

Force exerted on q 2 by cp is 

r _ c h c h n 
*12“ ~ f 
4k £ 0 r 

A 

where n is a unit vector directed from cp to q 2 . 

Force exerted by cp on q 2 is 

r _ c l\ c h n 

*21 ~~ 2 

4 K£ 0 r 

Case (b): Like charges (q } q 2 > 0) [Fig. 11.1(b)] 

r _ c l\ n 

b \2 “ J 

4 K£ 0 r 

F _ c /i <h n 
b 2\~ 2 
4 K£ 0 r 

2. Relative Permittivity (or Dielectric Constant) 

Relative permittivity of a medium is defined as the ratio of 
the permittivity of the medium to permittivity of vacuum, i.e. 


£ 



£,. is also called the dielectric constant ( K ) of the medium. 
£ 

Thus K = — or £ = K£ 0 . By definition K for air = I. If 

charges cp and q 2 are situated in a medium other than air or 
vacuum, the magnitude of force between them is given by 

Z7_ 

r - - - - - - 

4n £ r 4 k£ 0 Ki' 

3. Principle of Superposition 

If many charges are present, the total force on a given 
charge is equal to the vector sum of the individual forces 
exerted on it by all other charges taken one at a time. 
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Electrostatics 11.3 


Force exerted on charge at A by charge at B is 


P kq c | # 1 

F ab = — i , where * = 


Similarly 


a 


F ~ kq \ 

^ AD — T~J 

a 


4 7T£, 


Fac = 


*9‘ 


(oV2) : 


kq 


and 


EqA 


a 2 2\[2 
kqQ 


(cos45°i + sin45°j) 


(i+j) 




y(cos45°i + sin45°j) 


- V2^(i + j) 


a 


Net force on charge q at A in the jc-direction is 

ElkqQ 


Fv = 


kq kq 

( r + 
v« 


a 1 2'J2 


+ 


kq 


where 


kq 


a 


V 


' / + 272 = 


a = 


a 


^ + t %+72^) 


2 V 2 


Similarly net force on charge q at A in thc>>-direction is 

F v = Of j 

Resultant force on charge q at A is 

F= ^F 2 + F 2 = \Ja 2 +a 2 = 4la 

Charge q will be in equilibrium if F= 0, i.e. if 

a= 0 


i.e. if 


kq 


a 


4 + 


q 




4- 


q=_£ ( 1 + 2 V 2 ) 

=-^(1 + 2 V 2) = -(1 + 2 V 2) |iC 

4 


E = lim — 

If a charge q is placed at a point where the electric field 
due to other charge or charges is E, then the charge q will 
experience a force F given by 

F = qE 

(1) Electric field due to an isolated point charge Electric 
field at a distance r from a source charge q is given by 

e= —— 4 

4n£ 0 r 2 

For a positive charge (+</), vector E is directed radially 
outwards from it and for a negative charge (- q ), E is 
directed radially inwards it. Because electric field E is 
vector quantity, the net electric field due to several charges 
is given by the vector sum of the electric fields due to the 
individual charges. 

(2) Electric field due to an electric dipole A pair of equal 
and opposite point charges separated by a certain distance 
is called an electric dipole. 

Case (a): Electric field at a point on the axis of a dipole 
Let 2 a be the separation between point charges -q and +q 
(Fig. 11.5). 



Axis of dipole 




E 


O 

la 

1 -*- 


r- 


Fig. 11.5 

Electric fields at P due to +q and -q respectively are 

A 

<7* 




AneAr-ay 


E = 


</» 


4/r£ 0 (r + a) 4 

Electric field at point P is 

E a = E, 4- E_ 

2c/(2a)r 


AmAr L - a 2 ) 2 47T€ 0 (r z - a*) 


2p r 


2 2 \2 


4. Electric Field 

An electric field exists at any point in the space surrounding 
a charge. To define the electric field, we place a small 
positive point charge q {) at the point in space where the 
electric field is to be found and we measure the coulomb 
force F at that point. The electric field E is then given by 


where p = q( 2a) is the dipole moment and 2a is the vector 
distance between charges -q and +<y. Dipole moment p is 
a vector quantity directed from -q to +q. 

For a very short dipole (a r) 


4 7re 0 r 
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Case (h): Electric field at a point on the perpendicular 
bisector (equatorial plane) of a dipole 


E+ 



Fig. 11.6 

Electric fields at point 0 due to +q and -q are (see Fig. 

11 . 6 ) 

E + = —^—r and E_ = —^—r 
4k£ 0 x 4 kEqX 

The magnitude of the resultant electric field at 0 is 

E e = £ + cos0 - E_ cos 0 

a I 7 ~ 

Using cos0 = — and x = y]r + a , we get 
.v 



Vila) 

4K£ 0 (r 2 + a 2 Y 2 


directed from O to R 


In vector form 



P 

4 7t£ 0 (r 2 +a 2 ) 312 


For a very short dipole (a r) 



P 

4 ne 0 r 3 


(i) The direction the electric field at a point on 
the axial line of a dipole is along the dipole 
moment. 

(ii) The direction of the electric field at a point 
on the equatorial line of a dipole is antiparallel to the 
dipole moment. 



Note 


(3) Electric field due to a uniformly charged conducting 
rod A conducting rod AB of negligible thickness and 
length L carries a charge a charge 0 uniformly distributed 
on it. To find the electric field at point P at a distance a 
from end B (Fig. 11.7), we consider a small element of 
length dx of the rod located at a distance x from end B. 


A 


B 






x 


Fig. 11.7 


P 


a -► 


-► 


Charge of element is dq = — dx= Xdx where A = — is the 

L L 

linear charge density. The electric field due to the element 
at point P is 

dq A dx 


Hence 


dE = 


4k e 0 x 2 4 k e 0 x 2 
* </. + «) 


= f dE = - 

' 4K £r J 


dx A 


.v 2 4 K£( 


X 


(L + a) 


a 


E - 


E = 


1 


1 


4K£ 0 l(L + a) a] 


A 


4 k£ q la(L + a) J 

If Q is positive, E is directed from left to right. 


(4) Electric field due to a uniformly charged ring (or 
loop) of wire at a point on its axis Consider a ring of 
radius R carrying a chare O distributed uniformly on it. 
To find electric field at a point P on its axis at a distance x 
from the centre 0, consider an element of length dl (Fig. 

11.8). The charge of the element is 



Qdl 
2 kR 


di y 



Fig. 11.8 


The electric field due to element A is dE given by 


4 K£ 0 r 2 

There is a similar electric field at P due to element a 
diametrically opposite point B. The x components of 
electric fields due to these elements add up while the y 
components cancel. Hence 
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E = | dE cos 6 

r dq cos 0 
4ne 0 r 2 


Q 


2k R 4 K £ 0 (R z +x z ) 


2x3/2 


E- 


(v J dl = 27T/?) 


47T^ 0 L(/? 2 4- JC 2 ) 3/2 J V J ' 

The direction of E is from O to P if charge Q is positive. 


5. Electric Field Lines 

Electric field lines of an electrostatic field give a pictorial 
representation of the field. An electric field line is a curve, 
the tangent to which at a point gives the direction of the 
electric field at that point. 

Figure 11.9 shows field line patterns around some 
charge distributions. 



(c) Two positive point charges 



(d) Electric Dipole (e) Uniform electric field 

Fig. 11.9 


Properties of Electric Field Lines 

(i) The tangent to a field line at any point gives the 
direction of electric field at that point. 

(ii) Field lines originate from a positive charge and 
terminate on a negative charge. 

(iii) No two field lines intersect. 

(iv) Field lines are closer together in the region where the 
field is stronger and farther apart where the field is 
weaker. 


(v) The number of field lines originating or ending on a 
charge is proportional to the magnitude of the charge. 

a Electric field line due to a charge distribution 
never forms a closed loop. But if the electric 
Note * s induced by a time-varying magnetic 

field, its field line forms a closed loop. 


6. Electric Flux 

The electric flux through a surface in an electric field is 
a measure of the number of electric field lines passing 
through the surface. 

For a plane surface of surface area S in an electric field 
E, the electric flux 0 is defined as 


0 = E S = ES cos 6 

where S is called the area vector, its magnitude is S and its 
direction is normal to the surface and away from it. Angle 
6 is the angle between E and S. 

For a curved surface. 


0 = J*EdS = J (E-n)rfX 


where n is a unit outward 
normal to the surface. dS is the 
surface area of an element of the 
surface (Fig. 11.10). The SI unit 
of electric flux is NC -1 nr or Vm 



(volt metre). 


Fig. 11.10 


7. Gauss's Law in Electrostatics 


Gauss’s law states that the electric flux through a closed 

surface S in an electric field E is equal to —, where q is 

£ o 

the net charge enclosed in the surface and £ 0 is electrical 
permittivity of vacuum. 



Gauss's law is used to obtain the expression for the electric 
field due to linear, surface and volume charge distributions 
which are uniform and symmetric so that a proper and 
convenient closed surface (called the Gaussian surface) 
can be chosen to evaluate the surface integral in Eq. (1). 


Some Important Points about Gauss s Law 

(1) Gauss’s law holds for any closed surface of any 
shape or size. 

(2) The surface that wc choose to evaluate electric flux 
[i.e. to evaluate the surface integral in Eq. (1)] is 
called Gaussian surface. 
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(3) If the Gaussian surface is so chosen that there are 
some charges outside and some inside the surface, 
then charge q on the R.H.S. of Eq. (1) is the net 
charge (taking into account the sign of charges) 
enclosed inside the surface but electric field E on 
the L.H.S. of Eq. (1) is the electric field due to all the 
charges both inside and outside the surface. 

(4) The exact location of charges inside Gaussian surface 
does not affect the value of the electric flux. 

(5) If Coulomb’s law did not hold, Gauss’s law also 
would not hold. 


8. Applications of Gauss's Law 


(!) Electric field due to a thin infinitely long straight 
charged rod or wire Electric field at a point at a 
perpendicular distance r from a thin, infinitely long straight 
rod or wire carrying a uniform linear charge density A is 
given by 



2 k £ 0 r 


where A = q SL is the charge per unit length of the rod 

A 

and n is a unit vector pointing away from the rod if q is 
positive and to words it if q is negative. 

(2) Electric field due to a thin sheet of charge Electric 
field at a perpendicular distance r from a thin, flat and 
infinite sheet carrying a uniform surface charge density 
a is given by 


2e 0 

-A, 

where <7 = q /A is charge per unit area and n is a unit 
vector pointing away from the sheet if q is positive and 
towards it if q is negative. Notice that E is independent of 
/% the distance from the sheet. 


(3) Electric field due to a thin charged spherical shell 
Electric field at a distance r from a spherical shell of radius 
R carrying a surface charge density a (= qf4 kR~ ) is given 
by 


2 ~ 


q n o R~ n 


4 7U€ 0 r 2 


(for r > R) 


£ 0 r 


= — (for r = R) 

= zero (for r < R) 

A 

where n is a unit vector pointing radially outwards if q is 
positive and inwards if q is negative. 


9. Electric Potential 

The electric potential at a point in an electrostatic field 
is the work per unit charge that is done to bring a small 
charge in from infinity to that point along any path. 


W 

V= lim — 

% —> 0 q 0 

(I) Electric potential due to an isolated point 
charge Electric potential at a point P in the electric field 
of a point charge is given by 


V = 


1 


c i 


4 KE, 


where r is the distance of the point P from the charge. This 
potential is spherically symmetric around the point, i.e. it 
depends only on r for a given charge q. Since potential is 
a scalar function, the spherical symmetry means that the 
potential at a point does not depend upon the direction of 
that point with respect to the point charge; it only depends 
on the distance of the point from the charge. 

Notice that the potential due to a positive charge 
(q > 0) is positive, it is negative in the neighbourhood of 
an isolated negative charge (q < 0). 

(2) Electric potential due to two point charges To find 
the electric potential at a point in the electric field due 
to two or more charges, we first calculate the potential 
due to each charge, assuming that all other charges are 
absent, and then simply add these individual contributions. 
Since, unlike electric field, electric potential is a scalar, the 
addition here is the ordinary sum. not a vector sum. 

The potential at any point due to two point charges q x 
and q 2 is, therefore, simply given by 


V = 


1 


4 


A + A 


v'l 


f 2 J 


where r, and r 2 are the distances of the point in the question 
from charges q ] and q 2 respectively. 

(3) Electric potential due to many point charges The 
potential at any point due to a system of N point charges 
is given by 

i n 

XT ( Jn 


v= v x + v 2 + 


+ V N = 


4tc£ 


0/7 = 


10. Relation between E and V 

Electric field is the negative gradient of potential. This 
means that the potential decreases along the direction of 
the electric field. 

dV 


E = 


dr 


11. Electric Potential Energy 

The electric potential energy of a system of point charges 
is defined as the amount of work done to assemble this 
system of charges by bringing them in from an infinite 
distance. We assume that the charges were at rest when they 
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were infinitely separated, i.e. they had no initial kinetic 
energy. 

The electric potential energy of two point charges q x 
and q 2 separated by a distance r n as shown in Fig. 11.11 (a) 
is given by 

U = 

U \2 A 

47 T £ 0 r \2 




r 13 

/ 


r 23 


9l 


Q2 




• 92 


r 12 r i 2 

(a) (b) 

Fig. 11.11 

The electric potential energy of a system of three point 
charges as shown in Fig. 11.11 (b) is given by 

1 


u= u i 2 +u 23 +u 3 ,= 


4ne 


r <l\<h , <?2<?3 <7l " 


0 


V '12 


23 




13 V 


This expression can be generalized for any number of 
charges. 


12. The Electron-Volt 

The SI unit of potential energy is the joule. In atomic 
physics a more convenient unit called the electron-volt 
(written as eV) is used. An electron-volt is the potential 
energy gained or lost by an electron in moving through 
a potential difference of 1 volt. Since the magnitude of 
charge on an electron is 1.6 x 10 19 C, 

1 eV = 1.6 x 10 _19 J 


13. Potential Energy of an Electric Dipole in an 
External Electric Field 

When a dipole is placed in a uniform electric field E , as 
shown in Fig. 11.12, it experiences a torque given by 


+ 



E 

Fig. 11.12 


r= p E sin 6 

where 0 is the angle between the line joining the two 
charges and the electric field. In vector form 

r = p x E 

The torque tends to rotate the dipole to a position where 
0= 0, i.e, p is parallel to E. 

The electric potential energy of a dipole is 

U= -p•E 


14. Additional Useful Formulae 

(1) Electric field and potential due to a group of charges 

(i) Charge q at each vertex of an equilateral triangle of 
side a (Fig. 11.13). 

9 



Fig. 11.13 

At centroid (9, E 0 = 0 and V 0 = 


4 KE 0 r 


a 


where r = —j =. 

Eh 

(ii) Charge q at each vertex of a square of side a (Fig. 
11.14). 

a 


s 

.. X 


/r 


a 


x / 

/ N ^ 

/ \ 

✓ X 

/ X 

✓ X 

' r r v 


a 


a 


Fig. 11.14 


q 


At center C, E c = 0 and V c = ——-—; r=° 


4 k e 0 r 


V2 


In the above two cases, if one of the charges is 
removed from a vertex, the net electric field at 
Note ^ an d C is E = q/4ne 0 r 2 y directed towards the 
empty vertex. 



(iii) For Fig. 11.15, 


F = 0 and E,. = 


2V2 




4ne 0 r 
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(iv) For Fig. 11.16, 

v c =o 
E c = 0 



Fig. 11.16 


* 



Fig. 11.17 


Also tana = — tan#. Angle between p and E A is 
(a+ 0). 

At point B on axial line, E B = ——r (*•* 0 = 0 C ) 

An e 0 x' 


At point C on equatorial line, E c = -- 

Ane 0 y 

(v 0=90°) 


(v) Infinite number of charges, each equal to q, placed on 
the x-axis at x = r, x = 2r, x = 4r... and so on. Electric 
field at origin O is 






4ne 0 r 

q 


1 1 


1 


4 ne 0 r 


4 K£ 0 r 


U 2 2 2 4 2 

' 1 1 

1 + ~ +-+••• 

4 16 


x 


1 


q 


Potential at O is 


Va = 


q 


4 7T£ 0 r 


3 ne n r 2 
4 


1 + 1 + 1 + 
2 4 


q 


4ne 0 r 


x 


1 


fi- n 

l 2 ) 


2ne 0 r 


(vi) A short electric dipole of dipole moment p 
(Fig. 11.17) 

* . . „ 2/7 cos 0 . _ p sin 0 

At point A, E r = -— and E e = 


4ne 0 r 


4 ne,y 


Net electric field at A is E A = yj £, 2 + E 9 


P 


4 n £ {) r 


(3cos20 +1) 


1/2 


• . , . • rr /7COS0 

Electric potential at A is v A = -- 

4 ne 0 r" 

At point B\ V B = ———— 

4/r£ 0 r 

At point C; F c = 0 

02) Electric field and potential due to some charge 

distributions (Linear charge density A = —) 

L 

(i) Charge Q distributed uniformly on a rod of length L 
(Fig. 11.18) 


i; 


E 

S 


r 

M -► 


+ + + + + -•—► E 

P 

< - L -H 


Fig. 11.18 


At point P, E P = 


Q 


l 


4k e a lr{r + L) \ 


V P = 


Q 


4ke,X 


log, 


r + L\ 


r ) 


(ii) Charge Q distributed uniformly on a conducting 
sphere or shell of radius R (Fig. 11.19) (Surface 

Q 


charge density <7 


4n R 


t) 
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Fig. 11.19 

At point C outside the sphere or shell (r > R ), 

Q 


Ec = 


4 7T£ 0 r 


At point B just outside the surface (r = R), 

Q 




4 K£ 0 R 

At point A inside the sphere or shell (/• < R), E A = 0 

Q 


Potential at center O of sphere or shell, V 0 = 

Q 


^^t points inside (r* ^ *). V A = 
surface) 

At point C outside (r > R), V c = 


4k£qR 


Q 

4 71 £ 0 R 


4 7T£ 0 R 
= V B (at 


(iii) Charge O distributed uniformly on a semicircular 
wire of radius R (Fig. 11.20) (Linear charge densitv 


k R 


y 

i 

i 

+ 



.V 


At center O, E a = 


4 ne {) R 

= Q 

2 k 2 £q R 

O X 

At centre O, V 0 = - 


along negativeydirection 


4 7T£ 0 R 4e { 


(iv) Charge Q distributed uniformly on a ring of radius R. 
(Fig. 11.21) Electric field at a point P on the axis is 


+ 


i 



O 


+ 



R 


+ 


P 

--►£■ 


r -► 


+ 


+ 


Fig. 11.21 


E n = 


Q 


4m, 


x 


r 


/ ? ?\ 3/2 


E is maximum at r— ±— 1 = and 

v2 

r 1 2 Q 

=-x 


max 


47T£ 0 3 V 3 R 1 

Electric potential at point P is 


V P = ——— x 


1 


,1/2 


4 * £ o (R 2 +r 2 )' 

V is maximum at r = 0 (i.c. at centre O) and 

v 

max . „ 

4 7U£ 0 R 

(3) Potential energy of a system of charges 

(i) Charge O kept at each vertex of an equilateral of side 
a. Potential energy is (Fig. 11.22). 

Q 



u= ^ 


Fig. 11.22 

2 


Q 


4 7T€ 0 a 

(ii) Charge Q kept at each vertex of a square of side a 
(Fig. 11.23) 
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Q a Q 



Fig. 11.23 


U = 


+ 


2 Q 


4 xQ 
4k e 0 a AneAayfl) 


Q 


4 K£ {) a 


(4 + yfl) 


(iii) An electric dipole of dipole moment p placed in 

uniform electric field E with angle 6 between p and 

E Torque i = pxE and potential energy U = - p.E. 

The zero of potential energy is taken at 9= 90°. 

(a) When 6= 0°, r= 0, U = minimum = -pE (stable 
equilibrium) 

(b) When 6= 90°, r = maximum =pE, U = 0 

(c) When 0= 180°, r= 0, U = maximum = pE (un¬ 
stable equilibrium) 

(iv) Work done in turning a dipole from angle 0, to 
angle 0 2 is 

W = pE (cos 6\ - cos 0 2 ) 


If 0, = 0° and 0 2 = 180°, W = 2pE 

© EXAMPLE 4 An electric dipole AB is placed 
along the x-axis with its charges placed at distances x, 
and x 2 from a very long thin wire having a uniform linear 
positive charge density X as shown in Fig. 11.24. Choose 
the correct option. 


Wire 


*2 


B 


q +q 


-► x-axis 


Fig. 11.24 

The force experienced by the dipole is 


(a) 


(b) 


(C) 


(d) 


Xq 

' 1 

1 \ 

2 K€ 0 


x 2 J 

Xq 

' 1 

1 ' 

4 7T£ 0 


*2, 


along -ve x-direction 


along +ve x-direction 


Xq 


2 K£ ( 
2n Et 


(x 2 - Xj) along +ve x-direction 


(x 2 + x,) along -vc x-direction 


SOLUTION The electric field due to the long wire 
at a point at a disance x from it is given by 

X 


E = 


2k £q X 


As X is +ve, the direction of E is along +ve x-direction. 
Hence the force experienced by charge (-q) at A is 


F 


l 


Xq\ 

2 k £q X| 


The force experiened by charge (+q) at B is 


F-, = 


Xq\ 


2 KE 0 x 2 


Net force on the dipole is 


F = Fj + F 2 


Xq 


2k e, 


\ x \ 


l 2 J 


So the correct choice is (a). 

EXAMPLE 5 A metallic solid sphere A of radius 
r has a charge q distributed uniformly on its surface. It is 
surrounded by a concentric metallic hollow sphere B of 
radius R. The electric field at point P at a distance x from 
O where r < x < R will be 



2<7 

4/r£ 0 R 1 



q 

4 K£ 0 (R-x)r 


(c) --j ( d ) zero 

4k £ 0 X 



(Q SOLUTION The charge q on A induces a charge 
-q on the inner side of B and a charge +<y on the outer 
side of B . To find electric field at P we draw a Gaussian 
spherical surface of radius x, shown dotted in Fig. 11.25. 
Since point P is inside B , according to Gauss’s law, the 
electric field due to B at P is zero. Now flux through the 
Gaussian surface due to charge q on A is 
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0= <j) E-c/S = E x 4/rx' 


From Gauss’s law, (p= —. Hence 


— = Ex 4k x 2 


E = - 7 ' which is choice (c). 

4k£ 0 x 2 


0 EXAMPLE 6 In Example 5 above, if a charge Q is 
given to the spherical shell B , how will the electric field 
at P be affected? 

0 SOLUTION In this case, the total charge on the 
outer surface of B will now be (Q + q). Since point P 
lies inside this sphere, the electric field at P will remain 


unchanged equal to 


4k£ () x‘ 


0 EXAMPLE 7 Figure 11.26 shows two point charges 
+ q and +q and a metal rod of length L carrying a charge 
- q with a part LI 3 of its length inside a box. The electric 
flux through the box is 


Fig. 11.26 


Closed 

box 


0 SOLUTION Charge in rod of length — = ——. 
According to Gauss’s law, the electric flux through a 
closed surface is equal to where q nel is the net charge 
enclosed inside the surface; the charge outside the closed 
surface does not contribute to the flux. Now 


‘•/net = +4 


q_ = 2q_ 

3 3 


Hence 



2 q 

-, which is choice (c). 

3£ 0 


Q EXAMPLES Three thin concentric spherical shells 
1, 2 and 3 have radii r h r 2 and r 3 respectively. Charge +q 
is given to shell 1 and charge -2 q is given to shell 3 as 
shown in Fig. 11.27(a). If shell 2 is earthed and r 3 = 2 r 2 , 
the charge on the outer surface of shell 2 will be 


(a) zero 


(b) q 





surface of shell 2. Charge +q on shell 1 will induce a 
charge -q on the inner surface of 2. Charge q 2 will induced 
charge -q 2 on the inner surface of 3 and + q 2 on its outer 
surface. Thus the outer surface of 3 will have a charge 
{q 2 - 2q) as shown in Fig. 11.27(b). 



Fig. 11.27(b) 


We know that the potential at any point inside a spherical 
shell is equal to that on its surface. 1 lence the potential on 
the outer surface of shell 2 will be 

V 2 = potential due to charge +q on 1 + potential due to 

charge -q on inner surface of 2 + potential due to 

charge q 2 on outer surface of 2 + potential due to 
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where C is the capacitance of the capacitor and its value 
depends on the size, the shape, the separation between the 
conductors and the nature of the medium between them. If 
C 0 is the capacitance of the capacitor when the medium is 
air (or vacuum) and C m its capacitance when the medium 
is a dielectric other than air, then the dielectric constant of 
the medium is given by 


19. Expressions for Capacitance 

1. Parallel Plate Capacitor 

The capacitance of a parallel plate capacitor is given 
by 

c _ K e 0 A 
d 


where A is the area of each plate and c/is the distance 
between them. K is dielectric constant of the material 
between the plates. For air or vacuum, K = 1. 

2. Spherical Capacitor 

A spherical capacitor consists of a solid charged 
sphere of radius a surrounded by a concentric hollow 
sphere of radius b . Its capacitance is given by 


C = 4;r £ 0 K 



\ 


\b-a) 


3. Cylindrical Capacitor 

A cylindrical capacitor consists of two co-axial 
cylinders and its capacitance is given by 



2k £o K l 




where / is the length of each cylinder and a and b are 
the radii of the inner and outer cylinders. 

4. If the space between the plates of a parallel plate 
capacitor is filled with two media of thicknesses </, 
and d 2 having dielectric constants and K 2 , then the 
capacitance of the capacitor is given by 



£ 0 A 


d\ | d 2 

K 2 


20. Capacitors in Parallel and Series 

In parallel arrangement of capacitors, the potential 
difference across individual capacitors is the same and 
the total charge is shared by them in the ratio of their 
capacitances. 


and 


y= Ql = 9l = & 
Cl c 2 c 3 

C = C] + C 2 + C 3 + . 


In series arrangement of capacitors, the charge on each 
capacitor is the same and the total potential difference is 
shared by them in the inverse ratio of their capacitances. 


Q= Cl v l = c 2 v 2 = c 3 v 3 =... 

V= F, + F 2 + F 3 + ••• 

Therefore, the effective capacitance of the combination 
is given by 

J 1 1 1 1 

— — — -f- — — -}-... 

C C| C 2 C 3 

21. Energy Stored in a Capacitor 


As in the case of a charged conductor, the energy stored in 
a capacitor is given by 

U= = - QV= - CF 2 
2C 2 2 

where O = charge on each plate of the capacitor, F = 
potential difference between plates and C = capacitance of 
the capacitor. This potential energy resides in the electric 
field in the medium between the plates. 


22. Loss of Energy on Sharing Charges 


If two charged bodies carrying charges and Q 2 and 
having capacitances C, and C 2 are connected with each 
other, then their common potential after the sharing of 
charges is given by 

v= Q1+Q2 = C, V, + c 2 v 2 
C, + C 2 Cj + c 2 


where F, and V 2 are the initial potentials of the charged 
bodies. The loss of energy is given by 



C,C 2 

(C,+C 2 ) 


(V x - V 2 ) 2 


23. Force between Plates of a Parallel Plate 
Capacitor 

The plates of a capacitor carry equal and opposite charges. 
Therefore, they exert an attractive force on each other 
which is given by 

2 Ke 0 A 

The force per unit area of the plates is 

/= - = Ql = g2 
A 2 Ke 0 A 2 2 Ke 0 


Q- Q\ + Qi + Qi + 


where a is the charge per unit area. 
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EXAMPLE 10 A parallel plate capacitor of 
capacitance 10 pF and plate separation 0.5 mm is connected 
to a 20 V battery. 

(a) What is the charge on each plate? 

(b) What is the energy stored in the capacitor? 

(c) What is the electric field between the plates? 

(d) If the battery is disconnected and then the plate 
separation is doubled, what are the answers to parts 
(a), (b) and (c) above? 

(e) If the battery is kept connected and the plate 
separation is doubled, then what arc the answers to 
parts (a), (b) and (c) above? 

Q SOLUTION 

(a) Q = CV=( 10 x 10 -6 ) x 20 = 200 x 10 -6 C = 200 pC 

(b) U= ^ CV 2 = ^ (10 x 10“*) x (20) 2 = 2 x 10 3 J 


(c) £= - = 


20 


d (0.5 x 10' 3 ) 


= 4 x 10 4 Vm-' 



The engery is stored in the electric field between 
the plates 


Note 


(d) If the battery is disconnected, the charge on the 
plates remains the same but the potential difference 
between the plates will charge. If the separation 
between the plates is doubled capacitance becomes 

C'= ^A = L = 5hF = 5x 10- 6 F 
2d 2 

and potential difference between the plates becomes 
r= 0 = 200 .uC _ 


C 5 pF 


1 


40 V 


U'~ -C'V' 2 
2 


1 


= - x 5 X 10~ 6 x (40) 2 = 4 x 10 3 J 
2 


Alternatively, U'= 


Q 2 (200 xlO -6 ) 2 


2 C' 2 x (5 x 10 -6 ) 
V' 40 


= 4 x 10 3 J 


E'= — = 


d' 1 x 10 -3 


= 4x 10 4 Vm 4 


(e) If the battery is kept connected, the potential 
difference between the plates always remains equal 


to the emf of the battery and hence is constant = 20 V. 
If d is doubled, 

£ A C 

Capacitance becomes C' = ——= — 

2d 2 

= 5 pF = 5 x 10" 6 F 

Charge becomes Q" = C'V= 5 x 10" 6 x 20 = 10 -4 C 
Energy stored becomes U" = ^ C' V 1 


1 


= - x 5 x 10 0 x (20) 2 = 10 °J 
2 


V 

Electric field becomes = — = 


20 


2d 20 x (0.5 x 10 ) 

= 2x 10 4 Vm -1 

EXAMPLE 11 Find the charge on each capacitor 
shown in Fig. 11.29(a). Given C, = 2 pF, and C 2 = 2 pF 
and C 3 = 1 pF. 



Fig. 11.29(a) 

SOLUTION The capacitance of the parallel 
combination of C 2 and C 3 is C'= C 2 + C 3 = 3 pF 
The circuit can be redrawn as shown in Fig. 11.29(b). 


C, 

C‘ 

L 


r 


■<3100 Vo- 


Fig. 11.29(b) 

The equivalent capacitance C of series combination of C, 
and C'is given by 


J_ 

C 


q c 


c ( ,f 

c= 1 


2x 3 6 ,^ ^ 

=-= - = 1.2 pF 

C+C' 2 + 3 5 


Let (9,, Q 2 and (9 3 be the charges on Cj, C 2 , and C 3 
respectively. Since C x and C' are in series, charge on 
C, = charge on C f = Q v Let L, and V' be the potential 
differences across C, and C respectively. Then 


V' 2 

Q x = C,F, = C'V' => — = ^1 = - 
1 1 V, C 3 
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in parallel. Therefore, the equivalent capacitance C cq 
between point A and B is given by 


= C, + C 2 + C 3 
= 1 + 2 + 3 = 6 pF 

C, 


C 2 


C 3 

sit 


—il 

l 2 ~ 

p 2 

4 I 

- 1 

'3 


5' '6 


Fig. 11.40 


iQ EXAMPLE 23 In the network shown in 
Fig. 11.40(a), the equivalent capacitance between points 
P and Q is 

(a)lpF (b) 2 pF 

(c) 3 pF (d) 4 pF 

p 3 pF 3 pF 3 pF 

_ i i A it d |i C 


2 pF 


2 pF 


3 pF 


F E D 

V 3pF 3 pF 3 pF 

Fig. 11.41(a) 

Q SOLUTION The given network can be simplified 
as shown in Fig. 11.41 (b). 


. 3 K F * 


/» 3 ,f 4 3 ,^ F * 


2 pF 


2 pF 4= 1 pF 


2 pF zjz 3 pF 


Q 3 pF 


F 11 r 
3 pF 


0 3 pF F 3 pF £ 

JJ 

p 3pF 


The equivalent capacitance between P and Q is given by 

1 1 1 1 , „ 

-= —i-1— = 1 pF 

C eq 3 3 3 ^ 

=> C cq = 1 pF 

© EXAMPLE 24 In the network shown in Fig. 
11.42(a), each capacitor has a capacitance C. The 
equivalent capacitance between points P and Q is 



4 C 

6 C 

(a) 

15 

(b) 19 


8 C 


(c) 

21 

(d) C 



Fig. 11.42(a) 

Q SOLUTION The network can be simplified as 
shown in Fig. 11.42(b). 



3 pF 


3 pF 


Q C 


c D Q 

Fig. 11.42(b) 

1 5 1 

-1-1- 

C 8C C 


Fig. 11.41(b) 


C = 

^eq 
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© EXAMPLE 25 In the circuit shown in Fig. 11.43(a), 
the charge on the 4 pF capacitor is 

(a) zero (b) 15 jiC 

(c) 20 pC (d) 60 pC 


2 pF 


4 pF 


15 V 


0 SOLUTION 

in Fig. 11.43(b). 


15 V 


Fig. 11.43(a) 

The circuit can be redrawn as shown 


2 pF 


4 pF 



Fig. 11.43(b) 

The equivalent capacitance of the series combination is 

2x4 4 r 

c -<- 27 T^ f 

In a series combination, the charge on each capacitor is 
the same. 

<7 = C eq X V 
= j |iF x 15 V = 20 nC 

EXAMPLE 26 In the circuit shown in Fig. 11.44(a), the 
equivalent capacitance between points A and B is 



(a) 3 pF 
(c) 12 pF 


(b) 6 pF 
(d) 15 pF 


1 pF 



Fig. 11.44(b) 

The 6 pF capacitors are connected in series and this 
combination is in parallel with 1 pF and 2 pF capacitors. 

C eq = I + 2 + 3 = 6 pF 

24. Capacitance of Dielectric Filled Capacitors 

(i) Capacitors as shown in Fig. 11.45. 



(g) (h) 


11.45 
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(a) Capacitor with air as dielectric [Fig. 11.45(a)] 

r _ £q a 
C ° " ~d~ 

(b) Capacitor completely Filled with a dielectric of 
dielectric constant K [Fig. 11.45(b)] 

C-KC 0 - ^ 
d 

(c) Capacitor filled with two dielectrics as shown in Fig. 
11.45(c) 

Capacitance of upper dielectric is 


_ K x e,Ai 2 _ K\£ 0 A 
c i 


cl 2d 

Capacitance of lower dielectric is C 2 = 


2d 


Since positive plates of C, and C 2 are connected 
together, C, and C 2 are in parallel. Hence the 
capacitance of combination is 


C = C, + C 2 = 


1 


( + K 2 } £ q A 


K c^0 A 


where K eq = — (K { + K 2 ) is the equivalent dielectric 
constant 

(d) Capacitor filled with three dielectrics as shown in 
Fig. 11.45(d) 

K.*,y£(\A 


iV oq c 0‘ 


C —Ct + Co + Ci — 


Where K cq = 

[A] +A 2 + A 3 ) 

(e) Capacitor partly filled with a dielectric as shown in 
Fig. 11.45(e) 


fn A 


O 


C = f 


f t ' 


t ( 

• ^ 


d-t + - 


1 + - 

-1 


L k\ 


d\ 

,K J 



where C 0 = .If t = d,C = KC 0 as in Fig. 11.45(b) 
d 

(0 Capacitor filled with two dielectrics as shown in Fig. 
11.45(f) 


Capacitance of the left capacitor is C, = 


Kye»A 


Capacitance of the right capacitor is C 2 = 


K 2 £qA 


Since C, and C 2 are in series, the capacitance of the 
combination is 


C = 


c,c 2 

C,+C 2 


K\K 2 Eq A 2 


K 


C = 


Where 


K 


eq 


K \ 

i v I /\ •) 

t\t 2 £ 0 A --+ / 

V h *2 / 

£ q A _ ^eq £ 0 A 

1^2 ) cl 


K\K 2 


K 


cq 


'i+'; 


^eq 


{K\t 2 + K 2 t\ ) 
*1*2 

(*i*2 + K 2 t l ) 
*1*2 (fi + f 2 ) 

(*l' 2 +* 2 'l) 


(d /, / 2 ) 


(g) Capacitor filled with two dielectrics as shown in Fig. 
11.45(g) 

C( = 2 K } e 0 A ^ c = 2 K 2 £ 0 A 


d 


d 


C = 


QQ> _ *cq^0 A 


Where K„ n = 


(C,+C 2 ) d 
2K X K 2 

eq (*i+* 2 ) 

(h) Capacitor filled with three dielectrics as shown in 
Fig. 11.45(h) 

Capacitors with and K 2 are in parallel and this 
combination is in series with the capacitor with K ?> 


C = 


_ *eqM 


, Where K eq is given by 


1 


1 


+ 


1 


*cq (*, + *,) 2K 3 

25. Charging and Discharging of a Capacitor 
through a Resistance 

Consider a capacitor of capacitance C connected in series to 
a resistor R and a battery of emf E and negligible internal 
resistance through a two-way key as shown in Fig. 11.46. 



_c 


Fig. 11.46 
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Grow th of Charge The battery is introduced in the circuit 
by connecting terminals 1 and 2 of the key. Initially, i.e. 
when t = 0, the charge on the capacitor plates is zero. 
As time passes, the charge flows into the capacitor plates 
and the potential difference q/C (q is the charge at any 
time t) between the plates rises. The charge on the plates 
of the capacitor rises till the potential difference between 
the plates becomes E. The maximum charge collected is 
q 0 = CE. At this stage the current in the circuit becomes 
zero. 

The growth of charge on the capacitor plates as a function 
of time is given by 

q = 9o (l -e-" RC ) (1) 

It is clear that the charge rises exponentially to a steady 
state maximum value q {) as shown in Fig. 11.47(a). 



Fig. 11.47 


Time Constant The product RC has the dimensions of 
time. If C is in farad and R in ohm, the product CR will be 
in seconds. Writing RC = r in Eq. (1) we have 


q =q 0 ( l-e-' /r ) 


At time t= r, 

<1 = % 


(, n 


r , i "i 

i-- 

= q 0 

i- 

v e) 


^ 2.718 ) 


= 0 . 63 ^ 


Thus the time constant r of a CR circuit may be 
defined as the time during which the charge on the 
capacitor grows from zero to 0.63 of its maximum value 
q 0 . Whether the charge grows quickly or slowly depends 
on the value of the time constant, i.e. on the values of R and 
C. If the product CR (i.e. the time constant) is very small, 
the charge grows quickly. 

The behaviour of current as a function of time t is given by 



il = I e -"'RC 
dt V 


where / 0 = E/R is the maximum current. Therefore, the 
current decreases exponentially from its maximum value 
/ 0 to zero as shown in Fig. 11.47(b). 

Decay of Charge When the charge has attained a steady 
value EC, the battery is short-circuited by connecting the 
terminals 1 and 3 of the key K. In such a situation the 


capacitor starts discharging through the resistor, i.e. the 
charge on the capacitor starts flowing back through the 
resistor. The direction of the current is, therefore, reversed. 
The decay of charge with time is given by 


<7 = % e t RC = <7o e ' t!X 


Figure 11.48 shows the decay of charge with time. 

At time t = T, q = q 0 e 1 = 0.368 q 0 . Thus in a time t = T, 
the time constant, the charge on the capacitor decays to 0.368 
of its initial value q 0 . So the charge decays exponentially 
with time /. Whether the charge decays slowly or quickly 
depends on the value of the time constant RC. 



EXAMPLE 27 When the plates of a parallel plate 
capacitor of capacitance 3.0 pF arc connected by a wire of 
resistance R, the electric field between the plates drops to 
half of its initial value in 6.9 ps. The value of R is 


(a) 5 Q 


9 

(b) -O 


10 ^ 

<c) 7° 


12 ^ 

(d,-n 


SOLUTION The voltage between plates is 

Y= Q=Q± 

C Ae 0 


Electric field is E = 


V 

d 


_Q_ 

As 0 


(Qoe~ t/RC ) 


Ae, 


E= E 0 e~ ,/RC 

where Q 0 is the initial charge and E 0 is the initial electric 
field. Given that E - E 0 I2. 



En e 


-t/RC 


— = e 


-t/RC 


2= e 


t / RC 


In (2) = 


t 

RC 
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(a) zero (b) 3.8 J 

(c) 4.8 J (d) 5.8 J 


6 . The work done is carrying a charge q once round 
a circle of radius r with a charge Q at the centre 
is 



qQ 

4 K£ 0 r 



qQ 1 

4 ne 0 nr 



qQ ( i N 

4 xe 0 \2nrj 


(d) zero 


7. A capacitor of capacitance C = 2 pF is connected as 
shown in Fig. 11.50. If the internal resistance of the 
cell is 0.5 Q, the charge on the capacitor plates is 

(a) zero (b) 2 gC 

(c) 4(iC (d) 6 pC 


2 a 

A/WV- 

c io a 

— -VsAAA 


2.5 V 

Fig. 11.50 


8 . A charge q is placed at the centre of the line joining 
two equal charges Q. The system of the three charges 
will be in equilibrium if q is equal to 





(d) + 


Q 

4 


9. The electric potential V (in volt) varies with x (in 
metre) according to the relation 

V= 5 + 4x 2 

The force experienced by a negative charge of 
2 x 10 6 C located at x = 0.5 m is 

(a) 2 x 10~ 6 N (b) 4 x 10 6 N 

(c) 6 x 10 -6 N (d) 8 x 10~ 6 N 

10. Two parallel plate capacitors of capacitances C 
and 2 C are connected in parallel and charged to a 
potential difference V by a battery. The battery is 
then disconnected and the space between the plates 
of capacitor C is completely filled with a material of 
dielectric constant K. The potential difference across 
the capacitors now becomes 


(a) 

V 

(b) 

2V 

K + 1 

K + 2 

(c) 

3V 

(d) 

3V 

K + 2 

K+3 


11. The force of attraction between the plates of air filled 
parallel plate capacitor having charge Q and area of 
each plate A is given by 


(a) 

2 Q 2 

(b) 

Q 1 


e 0 A 


£ 0 A 

(c) 

Q 2 

(d) 

Q 2 

2 e 0 A 

4e 0 


12. In the network shown in Fig. 11.51, Cj = 6 pF and 
C= 9 p F. The equivalent capacitance between points 
P and Q is 


P 


Q 


C C 


Ci -r- C, 


c c 

Fig. 11.51 



(a) 3 p F (b) 6 pF 

(c) 9 pF (d) 12 pF 


13. Three capacitors, each of capacitance C = 3 p F, are 
connected as shown in Fig. 11.52. The equivalent 
capacitance between points P and S is 


(a) 1 pF (b) 3pF 

(c) 6 pF (d) 9 pF 


C Q c 

._1 i_-_ 1 i_, 

c s 

._11_. 

1 l 

P 

1 l ’ l 1 

R 


Fig. 11.52 

14. A parallel plate capacitor of capacitance 100 pF is 
to be constructed by using paper sheets of 1.0 mm 
thickness as dielectric. If the dielectric constant of 
paper is 4.0, the number of circular metal foils of 
diameter 2.0 cm each required for this purpose is 

(a) 10 (b) 20 

(c) 30 (d) 40 


Copyrighted material 




E lectros tatics 11.25 


15. One thousand spherical water droplets, each of radius 
r and each carrying a charge q , coalesce to form a 
single spherical drop. If v is the electrical potential 
of each droplet and V that of the bigger drop, then 



v 


1 

1000 



v 


1 

100 



(d) - =1000 

V 


16. A parallel plate air filled capacitor shown in Fig. 
11.53(a) has a capacitance of 2 pF. When it is half 
filled with a dielectric of dielectric constant k = 3 as 
shown in Fig. 11.53 (b), its capacitance becomes 


(d) V2 F along negative x-direction. 


A y 


P a 


+ <7 


Q <- 

q 


* R 

• Q 


Fig. 11.55 


d Air 

I 


(a) 


Air d/2 



Fig. 11.53 


(a) j HF 


(b) 1 pF 


(c) 3 (iF (d) 9 |iF 

17. A parallel plate air filled capacitor shown in Fig. 
11.54(a) has a capacitance of 2 pF. When it is half 
filled with a dielectric of dielectric constant k = 3 as 
shown in Fig. 11.54(b), its capacitance becomes 

(a) 4 p F (b) 3 pF 

(c) 1.5 pF (d) 0.5 pF 


-J- 




//// 




// / / 

//// 


Air 

Air 


d 


d i 

/ / // 


T 


_Y_ 1 

/// / 

77/ 


Dielectric 


(a) 


(b) 


Fig. 11.54 


18. Three point charges + q , - q and + q are placed at 
the vertices P, Q and R of an equilateral triangle as 

shown in Fig. 11.55. If F= —-— , where r is the 

4 7T£ 0 r~ 

side of the triangle, the force on charge at P due to 
charges at Q and R is 

(a) F along positive x-direction 

(b) F along negative x-direction 

(c) F along positive x-direction 


19. In Q. 18, the force on charge at Q due to charges at 
P and R is 

(a) V 2 F along positive x-direction. 

(b) V3 F along negative x-direction. 

(c) yfl F along 30° with the x-direction. 

(d) n/3 F along 30° with the x-direction. 

20. Two small identical balls P and Q, each of mass 
V3/10 gram, carry identical charges and are 
suspended by threads ofequal lengths. At equilibrium, 
they position themselves as shown in Fig. 11.56. 

What is the charge on each ball. Given 

4 Jl £ 

= 9x10 9 NnrC 2 and take g = 10 ms 2 . 

(a) 10 “ 3 C (b) 10 “ 5 C 

(c) 10 " 7 C (d) 10 ' 9 C 




/ / / / 
/ / /1 


Thread 


60' 


60°/ 


o /\ 


30 cm 


Q 


Fig. 11.56 


21. Two point charges < 7 , = 2 pC and q 2 = 1 pC arc 
placed at distances b = 1 cm and a = 2 cm from the 
origin on they andx axes as shown in Fig. 11.57. The 
electric field vector at point P (a, b) will subtend an 
angle ©with thex-axis given by 

(a) tan 9 = 1 (b) tan 9=2 

(c) tan 9=3 (d) tan 9=4 
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45. If n drops, each charged to a potential V, coalesce to 
form a single drop, the potential of the big drop will be 

V , V 

(®) “T7T < b ) 


n 


n 


1/3 


(c) Vn 


1/3 


(d) Vn 


2/3 


46. If n drops, each of capacitance C and charged to a 
potential V, coalesce to form a big drop, the ratio of 
the energy stored in the big drop to that in each small 
drop will be 

(a) n : 1 (b) « 4/3 : 1 

5/3 . , / JN ..2 


1 


(c)n J,J :\ (d) n‘ 

47. A parallel plate capacitor is made by stacking 10 
identical metallic plates equally spaced from one 
another and having the same dielectric between 
plates. The alternate plates are then connected. If 
the capacitor formed by two neighbouring plates 
has a capacitance C, the total capacitance of the 
combination will be 


(a) — 

10 




(c) 9 C (d)10C 

48. Figure 11.61 shows four capacitors connected to an 
8 V power supply. What is the potential difference 
across each 1 pF capacitor? 

(a) IV (b) 2 V 

(c) 3 V (d) 4 V 

2 pF 



~r 1 


3 (jF 

Fig. 11.61 

49. Figure 11.62 shows three capacitors connected to a 
6 V power supply. What is the charge on the 2 p F 
capacitor? 

1 pF 2 pF 3 (J.F 



(a) 1 p C 
(c) 3 pC 


(b) 2 pC 
(d) 4 pC 


50. Figure 11.63 shows five capacitors connected across 
a 12 V power supply. What is the charge on the 2 p F 
capacitor? 



- 12 V*- 


Fig. 11.63 

(a) 6 pC (b) 8 pC 

(c) 10 pC (d) 12 pC 

51. Six charges, each equal to + cp are placed at the 
comers of a regular hexagon of side a. The electric 
potential at the point where the diagonals of the 
hexagon intersect will be given by 

(a) zero (b) 


(c) 


1 


Am, 


6cj 


a 


(d) 


Am, 


1 


a 


V3, 


4 k e n 2 a 


52. In Q. 51, the electric field at the point of intersection 
of diagonals is 


(a) zero 


(c) 


6q 


Am 


o a 


(b) 

1 

q 

A7T£ 0 

a 2 

(d) 

1 

A 

47T£ 0 

2 a 


<7 


53. A parallel plate capacitor with air as dielectric is 
charged to a potential V. It is then connected to an 
uncharged parallel plate capacitor filled with wax of 
dielectric constant k. The common potential of both 
capacitors is 

(a) V (b ) kV 

(c) (1 + k)V (d) -P— 

(l + k) 

54. A capacitor of capacitance C is fully charged 
by a 200 V supply. It is then discharged through 
a small coil of resistance wire embedded in a 
thermally insulated block of specific heat 2.5 x 

ii 

10“ J kg K and of mass 0.1 kg. If the temperature 
of the block rises by 0.4 K, what is the value of C? 
(a) 500 p F (b) 400 pF 

(c) 300 pF (d) 200 pF 
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84. A quantity X is given by e {) L 


AV 

At 


where £ 0 is the 


q 


+ - 


+ - 




+ - 

s 

1 + - 

A 

r-. 


B 


permittivity of free space, L is a length, AV is a 
potential difference and At is a time interval. The 
dimensional formula for A' is the same as that of 
(a) resistance (b) charge 

(c) voltage (d) current 

85. Consider the situation shown 
in Fig. 11.68. The capacitor A 
has a charge q on it whereas 
B is uncharged. The charge 
appearing on the capacitor B 
a long time after the switch is 

el° s ed 1S Fig. 11.68 

(a) zero (b) q !2 

(c) q (d) 2 q 

86. A uniform electric field pointing in positive 
x-direction exists in a region. Let A be the origin, B 
be the point on the x-axis at x = + I cm and C be the 
point on the>'-axis at = + 1 cm. Then the potentials 
at the points A , B and C satisfy: 

(a) V A < V B (b) V A > V B 

(c) V A < V c (d) V A > V c 

87. Two equal point charges are fixed at x = - a and 
x = + a on the x-axis. Another point charge Q is placed 
at the origin. The change in the electrical potential 
energy of 0, when it is displaced by a small distance 
x along the x-axis, is approximately proportional to 

(a) x (b) x 2 

(c) x 3 (d) 1/x 

88. There is a uniform electric field of strength 10 3 Vm 1 
along the y-axis. A body of mass 1 g and charge 
10 6 C is projected into the field from the origin 
along the positive x-axis with a velocity of 10 ms 1 . 
Its speed (in ms ') after 10 second will be (neglect 
gravitation) 

(a) 10 (b) 5V2 

(c) H)V2 (d) 20 

89. Two identical charges are placed at the two corners 
of an equilateral triangle. The potential energy of the 
system is U. The work done in bringing an identical 
charge from infinity to the third vertex is 

(a) U (b) 2 U 

(c) 3 U (d) 4 U 

90. A parallel plate capacitor of capacitance 5 pF and 
plate separation 6 cm is connected to a 1 V battery 


and charged. A dielectric of dielectric constant 4 and 
thickness 4 cm is introduced between the plates of 
the capacitor. The additional charge that llows into 
the capacitor from the battery is 
(a) 2 pC (b) 3 pC 

(c) 5 pC (d)10pC 

91. A capacitor of capacitance 4 pF is charged to 80 V 
and another capacitor of capacitance 6 pF is charged 
to 30 V. When they are connected together, the 
energy lost by the 4 pF capacitor is 


(a) 7.8 mJ (b) 4.6 mJ 

(c) 3.2 mJ (d) 2.5 mJ 

92. The magnitude of electric field at a distance x from 
a charge q is E. An identical charge is placed at a 
distance 2x from it. Then the magnitude of the force 
it experiences is 

(a) qE (b) 2 qE 


(c) 


qE 


(d) 


qE 


93. The flux of electric field E = 200 i NC 1 through 
a cube of side 10 cm, oriented so that its faces are 
parallel to the co-ordinate axes is 

(a) zero (b) 2 NC , m 2 

(c) 6 NC _, m 2 (d) 12 NC -, m 2 

94. Figure 11.69 shows a spherical Gaussian surface 
and a charge distribution. When calculating the flux 
of electric field through the Gaussian surface, the 
electric field will be due to 



(a) + q 3 alone (b) + q ] and + q } 

(c) + q l9 + q 3 and - q 2 (d) + q x and - q 2 

95. Three infinite long plane sheets carrying uniform 
charge densities 

<7, = -<7, <r 2 = + 2o and a 3 = + 30- 

are placed parallel to the x-z plane at y = a, y = 3 a 
and >> = 4 a as shown in Fig. 11.70. The electric field 
at point P is 
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Fig. 11.70 


(a) zero 



2 <7 - 

J 



3 (7 - 
— J 

^0 



3 a \ 

— J 


96. A metallic spherical shell of radius R has a charge 
- Q distributed uniformly on it. A point charge + 0 is 
placed at the center of the shell. Which graph shown 
in Fig. 11.71 represents the variation of electric field 
E with distance r from the centre of the shell? 




(a) (b) 




A third charge Q = 5 (iC is 
moved from C to D along 
the arc of a circle of radius 8 
cm as shown. The change in 
the potential energy of the 
system is 

(a) 3.0 J (b) 3.6 J 

(c) 5.0 J (d) 7.2 J 

99. A partical of mass m and charge + q is midway 
between two fixed charged particles, each having 
a charge + q and at a distance 2 L apart. The middle 
charge is displaced slightly along the line joining 
the fixed charges and released. The time period of 
oscillation is proportional to 

(a) L m (b) L 

(c) L V1 (d) L 2 

100. The potential difference between points A and B in 
the circuit shown in Fig. 11.73 is 

(a) 6 V (b) 2 V 

(c) 10 V (d) 14 V 


Q 


8 cm 


Q i 


A 


i— 6 cm 

Fig. 11.72 


Q2 | 

b""d" 


Ci = 3 jjF -r- C 2 - 2 \.iF 


l/ 2 = 2V B 

Fig. 11.73 

101. An electric field of 200 Vm 1 exists in the region 
between the plates of a parallel plate capacitor of 
plate separation 5 cm. The potential difference 
between the plates when a slab of dielectric constant 
4 and thickness 1 cm is inserted between the plates 
is 


Fig. 11.71 

97. A metallic sphere of radius R is charged to a potential 
V. The magnitude of the electric field at a distance 
r (> R) from the center of the sphere is 



V 

, 1X Vr 

(a) 


(b) 2 


r 

R 2 

(c) 

VR 

(d) zero 

..2 


98. Two point charges £/, = l|iC and q 2 = 2pC arc placed 
at points A and B 6 cm apart as shown in Fig. 11.72. 


(a) 7.5 V (b) 8.5 V 

(c) 9.0 V (d) 10 V 

102. A parallel plate capacitor is maintained at a 
certain potential difference. When a dielectric 
slab of thickness 3 mm is introduced between the 
plates, the plate separation had to be increased by 
2 mm in order to maintain the same potential 
difference between the plates. The dielectric constant 
of the slab is 

(a) 2 (b) 3 

(c) 4 (d) 5 
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103. A capacitor of capacitance C, is charged by 
connecting it to a battery. The battery is now 
removed and this capacitor is connected to a second 
uncharged capacitor of capacitance C 2 . If the charge 
distributes equally on the two capacitors, the ratio 
of the total energy stored in the capacitors after 
connection to the total energy stored in them before 
connection is 


(a) 1 


{c) Ti 


< d, 7 


104. Four metal plates numbered 1,2,3 and 4 are arranged 
as shown is Fig. 11.74. The area of each plate is A 
and the separation between adjacent plates is d. The 
capacitance of the arrangement is 

2 


4e 0 A 


(a) 

e 0 A 

d 

(b) 

(c) 

3 e 0 A 

d 

(d) 


d 



Fig. 11.74 

105. Four metal plates numbered 1,2,3 and 4 are arranged 
as shown in Fig. 11.75. The area of each plate is 
A and the separation between the plates is d. The 
capacitance of the arrangement is 

2 £ 0 A 


(a) 

s 0 A 

d 

(b) 

(c) 

3 e 0 A 

d 

(d) 


4 e 0 A 



B 


106. The equivalent capacitance between points A and B 
in the network shown in Fig. 11.76 is (Cj = 2 pF and 
C 2 = 3pF) 

(a) 1 pF (b) 2 pF 

(c) 3 pF (d) 4 pF 





107. A capacitior of capacitance C { = C is charged to 
a voltage V. It is then connected in parallel with a 
series combination of two uncharged capacitors of 
capacitances C 2 = C and C 3 = C. The charge that will 
flow through the connecting wires is 


(a) 


CV 


(b) 


2 CV 


3 

(c) CV (d) zero 

108. The capacitance of a sphere of radius R ] is increased 
3 times when it enclosed by an earthed sphere of 
radius The ratio R 2 /R \ is 


(a) 2 


(c) l 




(d) 3 


109. A parallel plate capacitor of plate area A and plate 
separation d is charged by a battery of voltage V. 
The battery is then disconnected. The work needed 
to pull the plates to a separation 2d is 


(a) 


(c) 


AV^e 


o 


A V 2 e, 


2d 


(b) 


(d) 


2 AV 2 e 


0 


3 AV% 


2d 


110. One plate of a parallel plate 
capacitor of plate area A and 
plate separation d is connected 
to the positive terminal of a 
battery of the voltage V. The 
negative terminal of the battery 
and the other plate of the 
capacitor are earthed as shown 
in Fig. 11.77. The charge that 
flows from the battery to the 
capacitor plates is 


v^= 


Fig. 11.77 


(a) zero 

(b) 

Vd 

(C) . 

e 0 A 

(d) 


e 0 AV 


AV_ 

2d 
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; y*\ Answers 


V' 

1 . (b) 2. (d) 

3- (b) 

4. 

(a) 

5. (d) 

6 . (d) 

7. (c) 

8 . 

(b) 

9. (d) 

10 . (c) 

11 . (c) 

12 . 

(a) 

13. (d) 

14. (a) 

15. (c) 

16. 

(c) 

17. (a) 

18. (b) 

19. (d) 

20 . 

(c) 

21 . (b) 

22 . (d) 

23. (b) 

24. 

(c) 

25. (d) 

26. (a) 

27. (d) 

28. 

(c) 

29. (d) 

30. (b) 

31. (b) 

32. 

(d) 

33. (b) 

34. (a) 

35. (c) 

36. 

(b) 

37. (d) 

38. (d) 

39. (d) 

40. 

(a) 

41. (c) 

42. (b) 

43. (c) 

44. 

(d) 

45. (d) 

46. (c) 

47. (c) 

48. 

(c) 

49. (b) 

50. (b) 

51. (c) 

52. 

(a) 

53. (d) 

54. (a) 

55. (a) 

56. 

(b) 

57. (a) 

58. (a) 

59. (d) 

60. 

(d) 

61. (c) 

62. (b) 

63. (b) 

64. 

(a) 

65. (d) 

66 . (c) 

67. (d) 

68 . 

(d) 

69. (d) 

70. (a) 

71. (b) 

72. 

(d) 

73. (a) 

74. (b) 

75. (b) 

76. 

(d) 

77. (d) 

78. (b) 

79. (b) 

80. 

(c) 

81. (d) 

82. (b) 

83. (b) 

84. 

(d) 

85. (a) 

86 . (b) 

87. (b) 

88 . 

(c) 

89. (b) 

90. (c) 

91. (a) 

92. 

(d) 

93. (a) 

94. (c) 

95. (c) 

96. 

(a) 

97. (c) 

98. (b) 

99. (c) 

100 . 

(a) 

101 . (b) 

102 . (b) 

103. (b) 

104. 

(c) 

105. (c) 

106. (a) 

107. (a) 

108. 

(b) 

109. (c) 110. (b) 

Solutions 





1. The potential inside a spherical conductor is constant 
and is the same as that on the surface. Hence the 
correct choice is (b). 

2. Let the charge Q be at P, with OP = x. The resultant 
force F is along the x-axis directed towards the 
origin. The charge O moves to 0, and acquires kinetic 
energy. It will cross O and move to -ve x-axis until 
it comes to rest. It is again attracted towards O and 


crosses it and this process continues. Therefore 
charge Q executes periodic motion (see Fig. 11.78). 

y 

A 

. F 

0 - _+ Q 

‘ > ► x 

F x 0 P 

a 

q • 

B 

Fig. 11.78 




Let 


AP = BP = r. Then 


_ c- _ ?£? 


f 2 = 


47T£ 0 r 2 


The resultant force on Q is 

F = F, cos 6 + F 2 cos 6 


2qQ . 

- 7 cos 6 

4 7te 0 r 


p= 2qQx = 2qQ^ x 

AK£^ 4 7T£ 0 („2+7 ) 3/2 

Thus F is not of the form F= kx (where k = constant) 
and hence the motion is not simple harmonic. Hence 
the correct choice is (d). 

3. Each parallel combination of capacitors is equivalent 
to a capacitance of 100 |iF connected in series. 
Potential drop across each of them will be 50 V. 
Charge Q = CV= 100 x 10 “ 6 x 50 - 5 x 10 ’ C 
Hence the correct choice is (b). 

4. Refer to Fig. 11.79. 


4q O q 

• -•-• 

/ 

-M. - -► 

2 

-/-► 

Fig. 11.79 

The net force on q will be zero if 

, qQ = 0 

4^e 0 / 2 4tt £ 0 (//2 ) 2 

4 q 2 + 4 q Q = 0 
or 4 q (q + Q) = 0 

Q=~q 

Hence the correct choice is (a). 
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S 



Q + -• R 

-q +q 

Fig. 11.82 

or F r = F. As shown in the figure, the direction of 
the resultant force is along the negative ^-direction. 
Hence the correct choice is (b). 

19. Refer to Fig. 11.83. Charges at P and R both exert 
an attractive force on charge at O. The angle 
between these forces is 60°. The resultant force has 
a magnitude 


P 


Q 



Fig. 11.83 

F 2 = F 2 + F 2 + 2F 2 cos 60° 
= IF 2 + F 2 = 3F 2 
F r = n/3 F 

The angle a is given by 

F sin 60° 1 

tan a = - = —— 

F + F cos 60° ^3 

a = 30°. 

Hence the correct choice is (d). 


20. Refer to Fig. 11.84. Let us consider forces on a ball, 
say, Q. Three forces act on it: (i) tension T in the 
thread, (ii) force mg due to gravity and (iii) force F 
due to Coulomb repulsion along +ve .v-direction. 
For equilibrium, the sum of the x and y components 
of these forces must be zero, 


i.e. T cos 60° - F = 0 

and T sin 60° - mg = 0 


These equations give F = mg cot 60° = 

x 10 x 4= = 10“ 3 N. Now 
V3 


F 

10 


x 10 -3 


/ \ 

/ 

/ 

/ 


T / 


60° Q 

- 1 -#— 

Q 

▼ 

mg 




F 


► x 


Fig. 11.84 


4 7T£ 0 r 2 

Putting F= 10 3 N, r = 0.3 m and —-— = 9 x 10 9 , 

4/re o 

we get </ = 10 coulomb. 

21. Refer to Fig. 11.85. The electric field E } at (a, b) due 
to </, has a magnitude 

p - 1 9i 

4 7T£ 0 a- 


y 

A 


b 



► x 


Fig. 11.85 


and is directed along + x-axis. The electric field F 2 at 
(i a , b) due to q 2 has a magnitude 




1 


?2 


4 7r£ 0 b 


and is directed along + j-axis. The angel 6 subtended 
by the resultant field E with the jc-axis is given by 

E~, q-, a 2 1 (2 

tan 9= — = —--r = — xI — I =2 

2 


<7i b‘ 


1 


Hence the correct choice is (b). 

22. The correct choice is (d). The electric field E exerts 
a force qE on charge + q and a force - qE on charge 

q of the dipole. Since these forces are equal and 
opposite, they add upto zero. 

23. The correct choice is (b). A torque acts on the dipole 
which tends to align it along the field. 

24. The correct choice is (c). In a non-uniform electric 
field, a dipole experiences a force which gives it a 


Copyrighted material 





E lectros tatics 11.3 9 


translational motion and a torque which gives it a 
rotational motion. 

25. Refer to Fig. 11. 86 . Potential at O is 

y„- —!— f—+ — - — — —1 =o 

4 7T£ 0 V r r r r) 

Hence the correct choice is (d). 




± _ 

_ <7 _ 

-£) 

r 

r 

r) 


+ <7 
Afrz 


+ q 

—*b 


r ° r 


>9- -•- C 

-q F -q 


Fig. 11.86 

26. The distance of a vertex from the the centre of the 

cube of side b is r = 73 b! 2. Now the potential 
due to charge q at the centre is q/4 KEtf. Hence the 
potential due to the arrangement of eight charges 
(each of magnitude q) at the centre is 

V = ^ 

4 7T£ 0 r 73 K£ 0 b 

27. We know that electric fields are to be added 
vectorially. From the symmetry of the eight charges 
with respect to the centre of the cube, it is evident that 
the electric fields at the centre due to two opposite 
charges cancel in pairs (being equal and opposite). 
Hence the net electric field at the centre of the cube 
will be zero. 

28. Refer to Fig. 11.87. The distance of point P { from 
charge + q is r, = z - a and from charge - q is 
r 7 = z + a. 



i 

> 

P\ (0, 0, z) 


* + q{ 0, 0, a) 

(- 7, 0, 0) 

(5, 0, 0) 

^3 / 

o 

> 

/ 


/ ^ 

- q, (0, 0. - a) 

y 



Fig. 11.87 


Potential at P, = 


I [? 9 


4tt £ 0 r 2 


= _JL _ r 2~ r \ 

47Z -£ 0 r \ r 2 

2 qa 

4 7 T£ 0 (z 2 — a 2 ) ’ 

which is choice (c). 

29. Refer to Fig. 11.87 again. Any point on the 
perpendicular bisector passing through the centre 
of the dipole is at the same distance from the two 
charges. Hence the potentials at point P 2 ( 5, 0, 0) and 
that at point P 3 (- 7,0,0) are zero. Since P 2 and P 3 are 
at the same potential (zero), the potential difference 
between them is zero. Hence no work will be done in 
moving a charge from P 2 to P y The answer will not 
change if the path of the charge is changed because 
the work done is independent of the path taken. 

30. Refer to Fig. 11. 88 . The total potential energy of the 
arrangement of charges is the sum of the energies 
of each pair of charges. The potential energy of the 
system comprising the three charges q y q 2 and q 3 is 


<& = - q 


A-+ 

/ V 

Electron 

/ 

\ 

r ' 3 / 

r 23 

Proton 

Proton 

V 

\/ 

<?i = + q r ’2 

w 

q 2 = + q 


Fig. 11.88 


U = IV ] + w 2 + w 3 

_ 1 c l\ . ffl ff-3 | #2 #3 

4 71 Eq ^ /*|2 f\i 


Here q x = q 2 = q = + 1.6 X 10 9 C (proton), </ 3 = - q 
= - 1.6 x 10 19 C (electron), r , 2 = 1 .5 A = 1 .5 x 10 10 m, 
r n = r 23 = 1 A = 1 x 10 10 m and 1/4 ke 0 = 9 x 10 9 
NirrCT 2 . Thus 

U= - -. q XlQ joule 
3 4 7T£ 0 

= - -•- X l ° - eV (v q= 1.6 x 10" 19 C) 
3 4 7T£n 


4 x 1.6 x 10 ‘ 19 x 10 10 x 9 x 10 9 


= - 19.2 cV 


31. Charge on electron (- e) = - 1.6 x 10 19 C, charge 
on proton (e) = 1.6 x 10 19 C, separation r = 0.53 A 
= 0.53 x 10 ” 10 m. If the zero of potential energy is 
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74. Refer to Fig. 11.94. 
Q^ 

/T\ 


o 2 


\2 R 


R 

\ 

R \ 



I 

c,— 

—- 

R --► ^2 


Fig. 11.94 


Potential at C, is 


r,= 


4^e f 


'Qi + 02 


V 


/? V 2 /e 


Potential at C 2 is 


K 2 = 


4 ;r e, 


"02 + 0 , x 


/? n/2 R 


Work done = q (V\ - V 2 ) 


q 


4k£ 


t 


o L 

q 


a + 


e- 




02 + 01 
/? 72/? 


4tt £ 0 72 R 


R 72 /?, 

( 0 ,- 0 ) (72 - 1 ) 


/J 


Hence the correct choice is (b). 

75. Force F = cjE. Therefore, acceleration a = qE/m. 
Now distance moved in time t is 


1 


I 


s = — at = — 
2 2 


qE 


\ m 


7 

r. 


For electron: s„ = — 

2 


\ 


For proton: s p = ^ 


qE 

V y 
qE^ 


v "V y 




Given s e = s p . Therefore, 

# 2 t 2 t 

*1 *7 *2 

— = or — = 
U 


m 


m 


'rnp" 2 

\ m e; 


■p -1 

Hence the correct choice is (b). 

76. The electric field is always perpendicular to the 
surface of a conductor. On the surface of a metallic 
solid sphere, the electric field is perpendicular to the 
surface and directed towards the centre of the sphere. 
Hence the correct choice is (d). 

1 


77. V = 


4ke 0 

1 _ 

''Q 


q q q . _ . 

- V -H-H— upto infinity 


■o 


3x 0 5.v, 


o 


+ -< 

4 K£ 


—— H-— H-— + • • • upto infinity 1 

2x 0 4x 0 6.v 0 


J 


1 


q 


,11111 

1 -+-+-upto infinity 

2 3 4 5 6 


4 7T£ 0 *o V 

= — 2 — l „ (1 + 1) - 

4n£ 0 X 0 4 7C£ 0 X 0 

Hence the correct choice is (d). 

78. Since the hypotenuse side of triangle = V 2 a , the net 
electrostatic energy is 

1 


U = 


4 K£< 


/ 0 g | Qj m s 


Cl 


\fl a 


a 


For U - 0, we require 

Qq . Qq 


+ -y=^ + -^- =0 

a v 2 a a 


/ 


which gives Q — ~q 


V 2 


-2<y 


.n/ 2 + 1 , 

Hence the correct choice is (b). 

79. Q x = CV and 0 2 = (2Q x (2V) = 4CV. Since the 
capacitors are connected in parallel such that the 
plates of opposite polarity are connected together, 
the common potential is 

r= g 2 -gi - 4 CV-CV _ v 


c, + c- 


C + 2C 


Equivalent capacitance C' = C + 2C = 3C. Therefore, 
the final energy of the configuration is 

U' = - C r 2 = - x 3C x V 2 = - CF 2 , 
2 2 2 

which is choice (b). 

80. The insertion of the dielectric slab decreases the 
electric field without changing its direction. The 
electric potential increases as we go from the negative 
to the positive plate. Hence the correct choice is (c). 

81. Within the plates electric fields due to charges O, and 
Q 2 are 

0 , 


£,= 


2 £ a A 


and E 2 = 


2e 0 A 


As these fields are in opposite directions and 
Q\ > Qi > the net electric field within the plates is 

1 ( 0 , - 02 > 


E = E ] - E 2 = 


2e 0 A 


Hence V= Ed = 


is choice (d). 


d 


2e 0 A 


(01 - 02 ) = 


_ 01 02 


2 C 


which 


v C = 


£ 0 A 
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82. When switch S 3 is closed, the potential difference 
across C, and C 2 will become equal to the average of 
V x and V 2 , i.c. (30 + 20)/2 = 25 V. Hence the correct 
choice is (b). 


83. We have C, = 
C 2 = 
C 3 = 


(A/2)e 0 K l _ Ae 0 K { 


(d/2) 

d 

(A/2)e 0 K 2 

_ A£qK 2 

(d/2) 

d 

^^0^3 _ 

2Ae 0 K 3 


(d/2) d 


and 


The capacitors C x and C 2 arc in parallel and their 
equivalent capacitance is 

c'= C, + C 2 = ^ (K, + K 2 ) 


This combination is in series with C 3 . Hence the net 


capacitance is 

J_ _ 

C" C C 3 AEq(K x +K 2 ) 2Ae 0 K 3 


+ 


1 


+ 


£ 0 A 


1 


+ 


1 


L(^+^ 2 ) 2K l] 

1 1 


Ae () K , 1 1 

or C = —-— where — =-+- 

d K (K { +K 2 ) 2K 3 

Hence the correct choice is (b). 

84. The capacitance of a parallel plane capacitor is 
given by C = £ 0 Aid. Hence the dimensions of 
e 0 L are the same as those of capacitance. 

AV 

Dimensions of e () L - 

At 

dimension of Cx dimensions of V 
time 


_ dimension of Q ( . . q = CV) 

time 
charge 

= — ; - = current 

time 

Hence the correct choice is (d). 

85. Since the outer plate of B is free, charge cannot flow 
from A to B. Hence the correct choice is (a). 

86 . Electric field is the negative gradient of potential, i.c. 



d x 


Thus, V decreases as dx increases in the direction of 
the field. This implies that V A > which is choice (b). 

87. Potential energy of the system when charge Q is at O 
is 


,, _ qQ , qQ _ iqQ 

- -t- 

a a a 


Q 


9 


O O' 
k— x 


(a + x) 


H-*- ( a - x ) —H 


Fig. 11.95 


When charge O is shifted to position O', the potential 
energy will be (see Fig. 11.95) 

u=^- + & 


(a + x) (a - x) 
qQ(2a) _2qQ 


(a 2 -x 2 ) 


x 


2 qQ 


X 


a 


a 

2 \ 


2 \ 


1 - 


a 2 / 


1 + 


2 

" J 


(x « a) 


a u-a 


o 


2 qQ 


X 


a 


1 + 


« 2 y 




a 


a‘ 


Hence A U oc x which is choice (b). 

88 . Given v x = 10 ms '. Since the electric field is directed 
along the v-axis, the acceleration of the body along 
the ^-direction is 

qE 10 -6 x 10 3 , 2 

a v = - = --- = 1 ms 


m 


10 


-3 


Therefore, the velocity of the body along they-axis 
at time t = 10 s is 

v y = at = 1 x 10 = 10 ms 1 


.*. Resultant velocity v = yjv^ + v 2 

= V(10) 2 +(10) 2 = I 0 V 2 ms ' 


Hence the correct choice is (c). 

89. Let Q be the magnitude of each charge and a the 
length of each side of the triangle. The potential 
energy of the system of two equal charges placed 
at vertex A and B is U (given). This means that U is 
the work done in bringing a charge Q from infinity 
to vertex B. Hence the work done in bringing an 
identical charge Q from infinity to the third vertex C 
= work done to overcome the force of repulsion of Q 
placed at A at a distance a + work done to overcome 
the force of repulsion of Q placed at B at the same 
distance a = U + U = 2U, which is choice (b). 
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c„ = c 1 + c 2 = ^ {K x + K 2 ) 


( 1 ) 


So the correct choice is (a). 

17. The system shown in Fig. 11.105 (b) is equivalent to a 
series combination of the capacitors—one filled with 
a dielectric of dielectric constant A l and of thickness 
dl 2 and the other filled with a dielectric of dielectric 
constant K 2 and of thickness dl 2 , each having the 
same plate area A. Their respective capacitance are 
K x £qA 2 K { £qA 


and 


C[ = 


C 2 ' = 


d/2 d 
K 2 £qA 2 A i£qA 


d/2 


d 


The capacitance of the series combination of Cf and 
C' 2 is 

1 1 d ( 1 x 


Ci 


c; 


+ 


Ci 


2 e 0 A 


K\+K 2 ; 


fK { + K 2 ' 


2 e 0 A 


or 


C,= 


2e 0 A' 


K,K 2 

K\K- 2 


k, + k 2 ) 


( 2 ) 


Thus the correct choice is (c). 

18. Using Eqs. (1) and Eqs. (2) we get 
Ca_ = (K l+ K 2 f 
C b 


4 K t K 2 


If A, = 2 and K 2 = 3, we have 


Ci 


(2 + 3) ; 


25 


4x2x3 24 


, which is choice (d). 


Questions 19 to 21 are based on the following passage. 


Passage VI 

Fig. 11.106 shows a network of seven capacitors. The 
charge on the 5 |iF capacitor is 10 pC. 


3pF 



19. The equivalent capacitance between points A and B 
is 

(a) 2.5 jliF (b) 5 pF 

(c) 7.5 pF (d)10pF 

20. The potential difference between points A and B is 

(a) 2 V (b) 4 V 

(c) 6 V (d) 8 V 

21. The potential difference between points A and C is 

(a) — V (b) — V 

3 5 

(c) - V (d) zero 

Solutions 


19. The equivalent capacitance C, of the parallel 
combination of 3 (iF, 5 |iF and 4 (iF capacitors is 

C, = 3 + 5 + 4= 12 pF 

The equivalenct capacitance C 3 of the parallel 
combination of 4 (iF and 2 jiF capacitors is 

C 3 = 4 + 2 = 6 |iF 

Now C, and C 2 are in series. Their equivalent 
capacitance C' is given by 

J_1_ J_L,I_I 

C ~ C, + C 2 “ 12 " 4 " 3 

or C = 3 |iF. The equivalent capacitance C" of the 
series combination of C 3 and C 4 is given by 

J_1_ J_j_ 1 _ J_ 

C" ~ C 3 + C 4 _ 6 + 3 " 2 

or C" = 2 |iF. The equivalent capacitance between A 
and B = capacitance of a parallel combination of C 
and C" = C + C" = 3 + 2 = 5 pF. 

Thus the correct choice is (b). 

20. Given, charge on 5 pF capacitor = 10 pC = 10 x 10 ( ' 
C. 

Potential difference across 5 pF capacitor 
lOxlO " 6 

= -ir =2 V 

5 x 10 -6 

As the 3 pF, 4 pF and 5 pF capacitors are joined in 
parallel, the potential difference across each is the 
same = 2 V. Therefore, 

Charge on 3 pF capacitor = 3 x 10 6 x 2 = 6 x 10 6 = 
6 pC 

Charge on 4 pF capacitor = 4x 10 6 x 2 = 8 x 10 6 C 
= 8 pC 

Total charge flowing through C, and C 2 = 10 pC 
+ 6 pC + 8 pC = 24 pC. 
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24|iC 

.*. Potential difference across C\ = - = 6 V 

4|iF 

.*. Total potential differenc across AB = 2 V + 6 V = 
8 V 

So the correct choice is (d). 

21. The equivalent capacitance C 3 and C 4 is C" =2 pF. 
Therefore, charge flowing throught C 3 and C 4 = 
8 V x 2 x 10“ 6 F= 16 x 10“ 6 C = 16 jaC. Hence the 


potential between A and C is = 
which is choice (a). 


16pC 
3pF 


= 16/3 V, 


Questions 22 to 25 are based on the following passage. 

Passage VII 

Two capacitors A and B with capacitances 3 pF and 2 pF 
are charged to a potential difference of 100 V and 180 V 
respectively. They are connected to an uncharged 2 pF 
capacitor C throught a switch S as shown in Fig. 11.107 



Fig. 

22. When the switch is 
through the circrit is 

(a) 180 pC 
(c) 200 pC 

23. When the switch is 
capacitor A will be 
(a) 60 pC 

(c) 120 pC 

24. When the switch is 
capacitor B will be 
(a) 150 pC 

(c) 180 pC 

25. When the switch is 
capacitor C will be 

(a) 90 pC 
(c) 210 pC 


11.107 

pressed, the charge flowing 

(b) 190 pC 
(d) 210 pC 

pressed, the final charge on 

(b) 90 pC 
(d) 150 pC 

pressed, the final charge on 

(b) 160 pC 
(d) 200 pC 

pressed, the final charge on 

(b) 150 pC 
(d) 300 pC 


I'/'X Solutions 

‘V"° 


26. Refer to Fig. 11.108. Let Q be the charge 
flowing through the circuit. When the 
switch is pressed, the voltages developed on 

2 


capacitors A, B and C are V A 


V B = 


Q Q 

- t volt and V r = - 7 

2 x 10" 6 2 x 10 6 


3x10 
■ volt. 


-6 


volt. 



Fig. 11.108 

Applying Kirchhoff's law to the loop, we have 

or 


AV a + AV B -AV c =0 


100 - 


Q 


\ 


v 


3XHT 6 ; 


+ 180- 


Q 


Q 


2 x 10~ 6 ) 
-6 


2x10 


= 0 


which gives Q = 210 x 10 C = 210 pC. So the 
correct choice is (d). 

23. The initial charge on capacitor A is (£?,) ., = (Vg C)) A = 
100 Vx3 pF = 300pC 

.*. Final charge on A is 

(Qih = (Qih -G = 300 pC - 210 pC = 90 pC, which 
is chioce (b). 

24. Similarly, the final charge on B is 

(Q,h = (Qi)b - 0 = (180 V) x (2 pCF) - 210 pC 

= 360 pC - 210 pC = 150 pC 
So the correct choice is (a). 

25. From conservation of charge, we have 
(Q f )A + (Q,)c= 300 pC 

(Q/)c = 300 pC - (Qj) A 

= 300 pC - 90 pC = 210 pC, 
which is chioce (c). 

Questions 26 to 29 are based on the following passage. 

Passage VIII 

In the circuit shown in Fig. 11.109, emf £*, = 14 V (internal 
resistance r x = 1 Q), R x = 6 Q, R 2 = 3.5 Cl, emf E 2 = 12 V 
(internal resistance r 2 = 0.5 Q), C, = 4 pF and C 2 = 2 pF. 
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15. Statement-1 

A parallel plate capacitor is charged by a d.c. source 
supplying a constant voltage V. If the plates arc kept 
connected to the source and the space between the 
plates is filled with a dielectric, the charge on the 
plates will increase. 

Statement-2 

Additional charge will flow from the source to the 
plates. 

16. Statement-1 

A parallel plate capacitor is charged by a battery of 
voltage V. The battery is then disonnected. If the 
space between the plates is filled with a dielectric, 
the energy stored in the capacitor will decrease. 

Statement-2 

The capacitance of a capacitor increases due to the 
introduction of a dielectric between the plates. 

17. Statement-1 

A parallel plate capacitor is charged by a battery. 
The battery is then disconnected. If the distance 
between the plates is increased, the energy stored in 
the capacitor will decrease. 

Statement-2 

Work has to be done to increase the separation 
between the plates of a charged capacitor. 

18. Statement-1 

Two adjacent conductors when given the same charge 
will have a potential difference between them if they 
are of different shape and size. 

Statement-2 

The potential to which a conductor is raised depends 
not only on the amount of charge but also on the 
shape and size of the conductor. 

Solutions 

1. The correct choice is (a). Let E be the electric 
field between the plates; It is directed vertically 
downwords. If q is the charge of the particle, it will 
experience a force F= qE. Hence its acceleration (in 
the vertical direction) is 

= F = qE^ 
m m 

where m is the mass of the particle. If t is time spent 
by the particle between the plates (i.e in the region of 
the electric field), the vertical distance travelled (i.e. 
deflection) of the particle is 




qEt 2 
2m 


Thus — oc y m Since particle B has a higher deflection, 
m 

it has a higher charge to mass ratio. 

2. The correct choice is (d). Points A , B and C are at 
the same distance from charge + q. Hence electric 
potential difference between points A, B and C is 
zero. Hence W l = W 2 = 0. 

3. The correct choice is (d). The test charge will move 
along the line of force if the line of force is straight 
(as in the case of a single charge). If the lines of force 
is curved, the charge will not move along the line of 
force. The reason is that the line of force docs not 
give the direction of velocity, it gives the direction 
of the force which is along the tangent to the curv e 
at that point. 

4. The correct choice is (a). 

5. The correct choice is (d). Since E = - dV/dr, if 
E = 0, V - constant not necessarily equal to zero. 

6 . The correct choice is (a). 

7. The correct choice is (c). Since charge of an electron 
is negative, P.E at P and O is 

U ec * 

P 4k£ 0 (OP) 


Q 4 7T£ O (00 

Since OQ > OP , Uq is less negative than U P , i.e. 
Uq > Up . For the same reason, V 0 > V P . 

8 . Since charge + q will attract the electron, work is 
done to move the electron from P to Q is negative 
because the work is done against the field. To move 
it from Q back to P an equal positive work is done 
by the field because electric field is conservative. So 
the correct choice is (a). 

9. The correct choice is (d). The work done by the 
electric field in moving a charge around a closed 
path of any shape (circular or elliptical) is zero. 

10. The correct choice is (d). Since the electron has a 
negative charge, it has less energy at a point where 
the potenial is higher and vice versa. Hence in an 
electric field an electron moves from a region of 
lower potential to a region of higher potential. 

11. The correct choice is (d). Since E along the surface 
= 0, dV/dr = 0 

12. The electric field is always normal to the equipotential 
surface. Therefore, for a constant electric field in the 
jc-direction, the equipotential surfaces are planes 
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connected together. When the positive ends are also 
connected, the decrease in energy of the combined 
system is 

(a) ±-C(V 2 -V 2 ) (b ) Ic(F, 2 +F 2 2 ) 

4 4 

(c) Ic(F,-K 2 ) 2 (d ) ^C(V i+ V 2 ) 2 

[ 2002 ) 

7. Two equal point charges are fixed at x = -a and 
x = +a on the.Y-axis. Another point charge Q is placed 
at the origin. The change in the electrical potential 
energy of Q, When it is displaced by a small distance 
x along the jc-axis, is approximately proportional to 

(a) x (b) x 2 

(c)x 3 (d) \lx [2002] 

8 . A metallic shell has a point charge q kept inside 
its circular cavity. The charge is not exactly at the 
centre of the cavity. Which of the diagrams correctly 
represents the electric lines of force? 






[ 2002 ] 

9. If the electric flux entering and leaving an enclosed 
surface respectively is (f) ] and 0 2 , the electric charge 
inside the surface will be 

(b) (0i +02) 


(a) 


(02 - 0 .) 


(C) (0 2 - 0,)fib 


(d) (0, + <p 2 )e 0 [2003] 


10. A sheet of aluminium foil of negligible thickness is 
introduced between the plates of a capacitor. The 
capacitance of the capacitor 

( 1 ) decreases ( 2 ) remains unchanged 

(3) becomes infinite (4) increases [2003] 

11. A thin spherical conducting shell of radius R has a 
charge q. Another charge O is placed at the centre of 


the shell. The electrostatic potential at a point P at a 
distance Rf 2 from the centre of the shell is 


(a) 


(c) 


2 Q 


4ne 0 R 

2 Q 


+ —V— (d) / ~ [2003| 

4 7i e 0 R 4 k£ q R 4 ke 0 R 

12. The work done in placing a charge of 8 x 1 0 C on 
a capacitor of capacitance 100 pF is 


(b) 


2 Q 


2 q 


4 k£ 0 R 4it£ 0 R 

2 (q + Q) 


(1) 16 x 10 32 J 
(3) 4 x 10 10 J 


(2) 3.1 x 10 26 J 


(4) 32 x 10 32 J [2003| 


13. Three charges -q l9 +q 2 and -</ 3 are placed as shown 
in the figure. The ^-component of the force on -c/, is 
proportional to 






q$ sin 0 

2 


a 


[2003| 


14. Four charges, each equal to - Q , arc placed at the 
corners of a square and a charge q is at its centre. If 
the system is in equilibrium, the value of q is 


(a) - ~r(l + 2 V 2 ) 

(C) -y(l + 2 V 2 ) 


(b) ^(1 + 2 V 2 ) 

4 

(d) y(l + 2 V 2 ) [2004| 


15. Two spherical conductors A and B having equal 
radii and carrying equal charges repel each other 
with a force F when kept a certain distance apart. 
A third identical spherical conductor but uncharged 
is brought in contact with B and removed. It is then 
brought in contact with A and removed. The new 
force of repulsion between A and B is 




(b) 


(d) 


3F 
4 

3F 
8 


[2004] 
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16. A charged particle q is shot towards another charged 
particle Q which is fixed with an initial speed v. The 
particle q reaches upto the closest distance r before 
it is repelled back. What will be the closest distance 
of approach if the particle q was shot with a velocity 

2t>? 

(a) r (b) 2 r 






|2004) 


17. A charged oil drop of mass 9.9 x 10 15 kg is suspended 
in a uniform electric field of 3 x 10 1 Vm '. Ifg = 10 
ms 2 , the charge on the oil drop will be 
(a) 3.3 x 10~ 18 C (b) 3.2 x 10~ l8 C 

(c) 1.6 x 10" 18 C (d) 4.8 x 10" 18 C 

120041 

A fully charged capacitor of capacitance C is 
discharged through a coil of resistance wire 
embedded in a thermally insulated block of specific 
heat capacity s and mass m. If the temperature of the 
block is raised by AT, the potential difference across 
the capacitor is 

(a) \- m( l AT _ (b) rn(: - T 


18 . 


s 


s 


(C) 


ms AT 


(d) 


^ImsAT 


C 


[2005] 


19. A charged ball B hangs from a silk thread S, which 
makes an angle 0 with a large conducting sheet P as 
shown in the figure. The surface charge density a of 
the sheet is proportional to 



B 


charges on the rings are +q and -q. The potential 
difference between the centres of the two rings is 


(a) 

qR 


4ne 0 d 2 

(b) 

V 

1 

271 £ q 

R 

(c) zero 


(d) 

<7 

1 

477 £ 0 

~R 


L* Jr 2 + d 2 _ 


* Jr 2 + d 2 . 


120051 


22. An electric dipole is placed at an angle of 30° to a 
non-uniform electric field. The dipole will experience 

(a) a torque as well as a translational force 

(b) a torque only 

(c) a translational force only in the direction of the 
field 

(d) a translational force only in a direction normal to 

the direction of the field [2006| 

23. Two insulating plates are both uniformly charged 
in such a way that the potential difference them is 
V 2 - V\ = 20 V. (i.e. plate 2 is at a higher potential). 
The plates are separated by cl = 0.1 m and can be 
treated as infinitely large. An electron is released 
from rest on the inner surface of plate is 1. What is 
its speed when it hits plate 2? 

(e= 1.6 x 10 l9 C, w e = 9.11 x 10" 31 kg.) 





Y 


0.01 m 




^ 






O 


I 2 


X 


(a) 1.87 x 10 6 ms 1 (b) 3.2 x 10 18 ms" 1 

(c) 2.65 x 10 6 ms 1 (d) 7.02 x 10 12 ms 1 


120061 


(a) cos# (b) cot# 

(c) sin 0 (d) tan0 |2005) 

20. Two point charges +8<y and -2 q are located at x = 0 
and x = L respectively. The location of a point on the 
x-axis at which the net electric field due to the two 
point charges is 

(a) 2 L (b) - 

4 

(c) 8 L (d) 4 L |2005] 

21. Two thin wire rings, each of radius R , are placed at 
a distance cl apart with their axes coinciding. The 


24. Two spherical conductors A and B of radii 1 mm 
and 2 mm arc separated by a distance of 5 cm and 
are uniformly charged. If the spheres are connected 
by a conducting wire then in equilibrium condition, 
the ratio of the magnitude of the electric fields at the 
surfaces of sphere A and B is 

(a) 2 : 1 (b) 1 : 4 

(c) 4:1 (d) 1 : 2 [20061 

25. An electric charge 10 3 pC is placed at the origin 
(0, 0) of X- Y co-ordinate system. Two points A and 

B are situated at (V2, yJl) and (2, 0) respectively. 
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The potential difference between the points A and 
B will be 

(a) 9 volt (b) zero 

(c) 2 volt (d) 4.5 volt [2007J 

26. A battery is used to charge a parallel plate capacitor till 
the potential difference between the plates becomes 
equal to the electromotive force of the battery. The 
ratio of the energy stored in the capacitor and the 
work done by the battery will be 

(a) 1 (b) 2 


(c) - 

4 


(d) 2 


[2007] 


27. Charges are placed on the vertices of a square as 
shown in the figure. Let E be the electric field and V 
the potential at the centre of the square. If the charges 
on A and B arc interchanged with those on D and C 
respectively, then 


A 

B 

D 

C 


(a) E remains unchanged but Fwill change 

(b) both E and V will change 

(c) E and V will remain unchanged 

(d) V remains unchanged but E will change 

28. The potential at a point* due to some charges situated 
on the *-axis is given by 

20 

V = —? -volt 

(.v 2 - 4) 

where x is measured in pm. The electric field E at * 
= 4 pm is 
5 

(a) - volt/pm in the -ve ^-direction 

(b) - volt/pm in the +ve ^-direction 
3 


(c) — volt/pm in the -ve ^-direction 


(d) — volt/pm in the +ve ^-direction 


|2007| 


29. A parallel plate capacitor with a dielectric of 
dielectric constant K between the plates has a 
capacitance C and is changed to a voltage V. 
The dielectric slab is slowly removed from 
between the plates and then reinserted. The net work 
done by the system in this process is 


(a) X -(K-\)CV 2 
(c) (K- 1) CV 2 


CV 2 {K-\) 

(d) zero 12007] 


30. A parallel plate capacitor with air between the plates 
has a capacitance of 9pF. The separation between 
its plates is ‘ d\ The space between the plates is 
now filled with two dielectrics. One dielectric has 

dielectric constant k = 3 and thickness — while 

3 

2 j 

the other one has dielectric constant k 1 = 6 and — 

3 

thickness. Capacitance of the capacitor is now 

(a) 40.5 pF (b) 20.25 pF 

(c) 1.8 pF (d) 45pF |2008] 

31. A thin spherical shell of radius R has charge Q spread 
uniformly over its surface. Which of the following 
graphs most closely represents the electric field E(r) 
produced by the shell in the range 0 < r < where 
r is the distance from the centre of the shell? 



E(r) E(r) 



(c) (d) 

32. A charge 0 is placed at each of the opposite corners 
of a square. A charge q is placed at each of the other 
two corners. If the net electrical force on Q is zero, 
then Qi'q equals: 

(a) 1 (b)--j= 

(c) - 2 V 2 (d) -1 [2009| 

3 3. This question contains Statement-1 and Statement-2. 
Of the four choices given after the statements, choose 
the one that best describes the two statements. 
Statement-1: For a charged particle moving 
from point P to point O , the net work done by an 
electrostatic field on the particle is independent of 
the path connecting point P to point Q. 
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43. This questions has Statement-1 and Statement-2. Of 
the four choices given after the statements, choose 
the one that best describe the two statements. 

An insulating solid sphere of radius R has a uniformly 
positive charge density p. As a result of this uniform 
charge distribution there is a finite value of electric 
potential at the centre of the sphere, at the surface of 
the sphere and also at a point outside the sphere. The 
electric potential at infinite is zero. 

Statement-1: When a change is taken from the 
centre of the surface of the sphere its potential energy 
changes by qp!3e 0 

Statement-2: The electric field at a distante r(r < R) 
from the centre of the sphere is pr/3e 0 

(a) Statement-1 is true, Statement-2 is true; 
Statement-2 is not the correct explanation of 
statement- 1 . 

(b) Statement-1 is true, Statement-2 is false. 

(c) Statement-1 is false, Statement-2 is true. 

(d) Statement-1 is true, Statement-2 is true, Statement 
2 is the correct explanation of Statement 1. 

| 2012 ) 

44. Two charges, each equal to q, arc kept at x = -a and 
x = a on the x-axis. A particle of mass m and charge 
q 0 = q! 2 is placed at the origin. If charge q 0 is given 
a small displacement (y « a) along the j^-axis, the 
net force acting on the particle is proportional to 

(a) -y (b) - 

y 

(c) — (d)y 12013) 

y 

45. Two capacitors Cj and C 2 are charged to 120 V and 
200 V, respectively. It is found that by connecting 
them together the potential on each one can be made 
zero. Then 

(a) 3C, =5C 2 (b) 3C,+ 5C 2 = 0 

(c) 9C, = 4C 2 (d) 5C, = 3C 2 [2013] 

46. A charge O is uniformly distributed over a long 
rod AB of length L as shown in the figure. The 
elcctricpotcntial at the point O lying at a distance L 
from the end A is: 




< - L -►- - L -► 



3 Q 

4 7T€ 0 L 



O 

4/r£ 0 Lln2 


Pin 2 
4 7T£ 0 L 



Q 

8 7T£ q L 


[2013] 


47. An electric dipole is placed at an angle of 30° to a 
non-uniform electric field. The dipole will experience 

(a) a torque as well as a translational force 

(b) a torque only 

(c) a translational force only in the direction of the 
field 

(d) a translational force only in a direction normal to 

the direction of the filed [2014) 

48. A parallel plate capacitor with air between the plates 
has a capacitance of 9pF. The separation between 
its plates is ‘ d\ The space between the plates is 
now filled with two dielectrics. One dielectric has 

dielectric constant K,= 3 and thickness — while the 

3 

other one has dielectric constant K 2 = 6 and thickness 
—. Capcitance of the capacitor is now 


(a) 40.5 pF (b) 20.25 pF 

(c) 1.8 pF (d) 45 pF [2014) 


Answers 


1 . (a) 


2 . none 

3. (b) 

4. (d) 

5. (a) 


6 . (c) 

7. (b) 

8 . (c) 

9. (c) 


10 . (b) 

11 . (c) 

12 . (d) 

13. (c) 


14. (a) 

15. (d) 

16. (d) 

17. (a) 


18. (d) 

19. (d) 

20 . (a) 

21 . (b) 


22 . (a) 

23. (c) 

24. (a) 

25. (b) 


26. (d) 

27. (d) 

28. (d) 

29. (d) 


30. (a) 

31. (c) 

32. (c) 

33. (d) 


34. (b) 

35. (a) 

36. (c) 

37. (c) 


38. (c) 

39. (c) 

40. (d) 

41. (a) 


42. (c) 

43. (c) 

44. (d) 

45. (a) 


46. (c) 

47. (a) 

48. (a) 


Solutions 



O' 

w 

1. AV= — 
</ 

II 

II 

p 

V 


2. Charge outside the 

cube does 

not contribute 


electric flux. From Gauss’s law, electric flux through 
the cube is —. Since a cube has 6 faces, the flux 

through one face A BCD is — . Hence no choice 
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given in the question is correct. Moreover, choices 
(a), (c) and (d) do not have the dimensions of electric 
flux. 

3. Equivalent capacitance is C cq = nC. Therefore, 
energy stored is 

1 7 1 

U= 2 C eq V = 2 nCV 

4. Let r be the distance between equal charges Q. 
Since q is exactly mid-way between equal charges 
(0, charge q will always be in equilibrium. The 
charge Q will be in equilibrium if 

F 0q = F QQ = 0 

1 qQ 1 Q 2 

=>-*==- + --^r= 0 

47t£ 0 r 


q Q 


4 K£, 


f ry 

,2 




■rt 2 




r! 2- 


1 


9 X 1 = 1.1 x 10 -10 F. 


5. C = 4jte 0 r = 9xl0 

I , 1 , 

6 . Initial Energy = U { + U 2 = - CV\ + - CV\ 

When they are connected, the potential across each 
is V- — (F, + V 2 ). Final energy is 

U f = - CV 2 + - CV 2 = CV 2 
1 2 2 


= C 


f 


v l + v 2 


.*. Decrease in energy = Ui - U f 
= X - C(V\ + V 2 2 ) -i C(V X + K 2 ) 2 

= ^C(F,-F 2 ) 2 

7. Potential energy of the system when charge (7 is at O 
is 


^0 = 


c jQ_ + c jQ. = 


a a a 
When charge C7 is shifted to position 0\ the potential 
energy 

q Q 

r- x — x - 1 


O O' 

(a + *) -►{"*“ 




gg ( qQ qQ(2<t) 

(tf + *) ( a-x ) (cr-jc 2 ) 


2 </g 


x 


a 


.2 \ 




-1 


2 qQ 


x 


a 


.2 \ 


1 + 


a 2 ) 


(x « a) 


AU = U-U 0 = 


2 qQ 


a 


x 


2 \ 


1 + 

^ crj 


2 qQ 


a 



Hence AU * Which is choice (b). 


8 . Because the charge is not located at the centre of the 
cavity, inside the cavity the lines of force are skewed. 
Hence choice (a) and (b) are incorrect. Outside the 
shell, the lines of force are the same as if the charge 
were located at the centre of the cavity. Also there 
can be no line of force in the metallice body of the 
shell. Hence choice (d) also incorrect. Thus, the 
correct pattern is shown in (c). 

9. According to Gauss's law, the net electric flux 


q 

leaving a closed surface = —. Hence 


(02-0l) = 


q 


<7 = £ o (02-0i) 


10. In electrostatics, the electric field inside a conductor 
(E c ) = 0. The potential between the plates of the 
capacitor is 


+ 2 


E 


* 


E c =0 


I \ 1 

E 


-Q 

V =E(d-t) = E c l 
= E(d -1) 

a Q 


; o 


Ae 


o 


. r = 9-= A£ ° 
• • _ . 


(*•* Er “ 0 ) 


V ( d-t ) 

If t is negligible compared to d, C 

correct choice is (b). 


A £( 


. So the 
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11. Potential at P due to charge q on the shell is 



v = q 

4 7T£ 0 /? 

Potential at P due to charge Q at the centre of the shell is 

_ g _ 2 Q 

Vl ~ 4jre 0 (R/2) ~ 4 K£ 0 R 

Therefore, total potential at P is 

q 2 Q 

V = y 4 - V,= -"— +-==— 

1 2 47T£ 0 R 4 7T£ 0 R 


12. W = 


Q 


(8x 10' 18 ) 2 


2 c 2 x (100 x 10“ 6 ) 

13. Force exerted on -q x by +q 2 is 

_ <t\ <h 
4 7T€ 0 h 

Force exerted on -q x by - q 3 is 
<h 


= 32 x 10“ 32 J 


F\2 = 


along + x axis 


F = 

4k £ 0 ci 

y 

A 


2 along the direction shown in figure. 



The ^-component of F 13 is 
F x 3 cos(90° - 6) = F, 3 sin# 

Net force on -</, is 

F = ^1 ^2 | ?i sin 0 

4n£ n b 2 4 k£m 2 


F - [ r g2 | ?3 sine ' 

a 2 > 


47t£ 0 U 2 


For a given ^,foc 


qi ?3 sin 0 
xb 2 a 2 j 


14. The system is in equilibrium if each experiences no 
force. It is clear that charge q at the centre would be 
in equilibrium for any value of q. 



Let AB- BC = BD = DA = a. Then 
DB = V2« and OB = 

V2 


^BA - ^BC 


g 


4 K£ 0 (£ 


Q 


Q 


p- — _ _ 

BD 4n£ 0 (y/2a) 2 4x£ 0 (2ay 


^BO = 


qQ 


2qQ 


4k £ 


•(£ 


\ 2 ^- 2 


4 K£ 0 a‘ 


Net force on -O at B will be zero, if 
F BA cos45° + F BC cos45° + F BD 4- F BO = 0 


Q 


+ 


g 


+ 


g' 


2 qQ 

4n£ 0 a 2 \/2 47T£ 0 £tV 2 47T£ 0 (2a 2 ) 47T£ 0 Gr 2 

= -(1+2V2) 


= 0 


=> q 

15. The correct choice is (d). 

16. Particle q will momentarily come to rest at a distance 
r from Q and will then be repelled back. 


H *■ 


v 


J 


• Q 


M -► 

r 


At the closest distance of approach, the kinetic 
energy of q is converted into potential energy of the 
system which is q at a distance r from Q. Hence 

■ 2 qQ 

— mv = - 

2 4 K£ 0 r 
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or v = 


_ 2 x (1 .6 x 10~ 19 ) x 2Q ~| ‘ 

9.11 x 10 -31 

= 2.65 x 10 6 ms“'. 

24. Let Q ] and Q 2 be the charges on spheres A and B and 
/?, and R 2 their respective radii. Their potentials are 


and ^= 


4 K£ 0 R 2 


If F, > V 2 , charge will flow from A to B when the 
spheres are connected by a wire, until their potentials 
are equalized. If charge q flows from A to B, then 


(a - <?) 


(Qi + 9 ) 


4k£, 


4n £, 


(a - < 7 ) _ 

(02 + 9 ) R 2 

The electric fietlds on the surfaces of the spheres are 


1 (a-9) 1 (02+9) 

-.2 and Ef — . * 

D- 2 4k£, n2 


E ' 4 K£ 0 R{ 


. — - (01-g) = ^1 = 2 

■' ( 02 + 9 ) U, J 1 


[use Eq. (1)] 


Hence the correct choice is (a). The same result is 
obtained if V 2 > V v 
25. Refer to the following figure. 

OA = 2, OB = 2 


Now 


Va 4xe 0 (OA) 9 Vr 4 7T£ 0 (OB) 



V A - V B = 0 (v OA = OB) 

26. Let O be the charge on the capacitor plates and Kbe 
the voltage of the battery. 

Work done by the battery is W = charge x potential 
difference 

= Qx V=CVx V=CV 2 

Energy stored in the capacitor is U = — CV 2 

2 


\CV 


27. Refer to the following figures. 




Case I: The potential at centre O is [see Fig. (a)] 
V=Va+V b +V c +Vd 


The electric fields at O due to charges at A , B, C and 
D respectively are 


E a = 


4 K£ 0 r 


7 directed from O to C 


E r = — - 7 directed from O to D 

" 4k £ 0 r 


E c = 


4x£ 0 r 

q 


directed from O to C 


E n = ~ 7 directed from O to D 

1 4 x£ 0 r 

It is clear that the resultant electric field E at point O 
is directed vertically downwards. 

Case 2: It follows from Fig. (b) that the potential V 
at point O is still zero but the resultant electric field 
E is directed vertically upwards. 

r dV 
dx 

d 20 
dx (x : - 4) 

_ 20 x (2.r) 


(x 2 - 4) 2 


volt 


At x = 4 pm. 


20 x (2 x 4) 

V= 7~~y yi volt 
[(4) 2 - 4] 

10 , , 

= — volt/pm 


Since V decreases as x increases, it follows from E 
= - dV/dx that E is along the +ve ^-direction. 

29. In this process, the energy stored in the capacitor 

1 2 

remains unchanged equal to — CL" where 
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36. The charge decays according to the equation 

Q = Qoe-" T 

where r= RC and Q 0 = charge at t = 0. 


Energy stored is U = 
where 


a 2 


0 e~ 2,lT = U 0 e~ 2,/T 


Given 


i.e. 


or 


Given 


2C 2C 
U 0 = initial energy at / = 0. 

U= — at/ = /,. 


U 


21 


0 = U«e~ 21 ' ,T => e 2t 1/T = 2 


*-2- = ln(2) => t\ — ~Z ln(2) 

T 1 

Qq 

Q = “ at t = / 2 . Hence 

So =0 e -^ /T 

^ L'o 


which gives t 2 = T ln(4) = 2r ln(2) 

h 1 

= 7 , which is choice (c). 


37. Linear charge density is 

A = 


9 


nr 


cancel but he vertical components = A E sin0 add 
up and are directed along the negative ^-direction. 
Hence the net electric field at O is 

E = [ AE sin 9 = (sin 6 cJO (v dq = Xrdd) 

J 4 KE 0 r 2 i 


_ Aj 


4 ne 0 r 




4n£ n r 


l-cos^i;; 


(cos^ - cosO) 


Aj 


2 7ce 0 r 




2 n 2 r 2 £ ( 


( A = —) 

Kr 


38. For r<R, 


q= ]pdV = ]pj~-~\x4nr 2 dr 


. r 5 2 
= 4^p 0 -r“c/r- 

i 4 /? 


dr 


To find the net electric field at O, we divide the ring 
into a large number of very small elements each of 

length dx. The charge of an element is dq = Xdx = 
fo'dQ, where d9 is the angle subtended by the element 
at centre O. The electric field at O due to the element 
at A is 


y 

A 



Similarly, the electric field at O due to an element 

B symmetrically opposite to A is also AE. It is clear 
that the horizontal components OC = OD = AE cos 6 


= 4/rp„ 


' 5/- 3 


.4 \ 


12 4 R 


For Gauss’s law 


j 


Eds = — 


q 


E x 4k r 2 = 


4 np { 


( 


.4 \ 


12 4 R 


E = 


Po r ( 5 
4£ 0 { 3 


R 


39. At equilibrium, 

F = T sin 6 
and mg = T cos 0 
F 

— = tan 0 (1) 

mg 

Where F is the force of repulsion between the sphere. 
If r is the distance between them, 


47T£ n r 2 


Copyrighted material 




Electrostatics 11.71 


40. 



When suspended in a liquid of density p (since q and 
hence r remains the same) 

1 4 7T£ 0 r 


Y , AT = dielectric constant of liquid 


F 

Due to upthrust (since 0 remains the same), the 


apparent weight of the sphere = mg 


\ 


V o J 

G= density of the material of the sphere. Hence 


where 


F, 


i 


= tan 0 


mg 


( 2 ) 


1-^ 

V cry 


Equating (1) and (2) we get 


Fi V o) 


K = 


1 


1 


1-^ 


^_ 0.8 


= 2 




o J 

(p = ar 2 + b 
E = -— = -2ar 


1.6 


dtp _ 
dr 


From Gusss’s law 
=> t|> E . ds 

=> £ x 4 nr 2 

=> (-2ar) x 4m- 2 


Charge density p = 


q_ 

q_ 

*0 

3_ 

^0 

-8 K£ 0 a r 

q = 

4 K i 
— r 
3 

- 6 a £ 0 


-8 7T£ 0 ar 
4 K i 


41. As shown in the solution of Q. 39 above, 

2 

F = mg tan 0 = - 7 = mg tan 0 

4 K£ 0 X 


tan 0 = 


q 


4 7t£ 0 mg x‘ 


If / is the length of the string, tan 0 = 


x/2 


x 

21 


x 

q 2 

2/ = 

4 7ce {) mgx 

a 2 = 

{ 2 ne 0 mg 

q 

I / 


3/2 

q x 


dq 3 1/2 dx 3 l/2 

“T -X — = “* V 

dt 2 dt 2 

dq 

Since — = constant (given), v x 
dt 


f dx 
\'V = 

\ 


dt 


-Ml 


42. For a uniformaly charged sphere, the electric field 
inside the sphere is directly proportional to R and 
outside the sphere, it falls as \/R . Hence the correct 
graph is (c). 

43. Potential energy at the centre of the sphere is 

3 Qq 
U = — x ——— 
c 2 4 ne 0 R 

and on its surface, the P. E. is 

i 

s 47ie 0 R 

Qq 

AU=U ‘- U ’ = ^ 

4n 3 

Now Q=—Rp 

q 4 n 3 pRrq 

A 77= —-—X— R p = -—- 
8 ne 0 R 3 K 6e„ 


so the correct choice is (c). 

q qo 

44. F,=F 2 = = F 

1 2 4tt£ 0 .y 2 


F 


y 

A 


F 2 
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The jc-components of F ] and F 2 cancel and the 
^-components add up. The net force on qj 2 is 

n „ y _^ C l C l 0 v T 
F«r2Fco,e-2Fx 

Now x = (a 2 +y 2 ) l/2 



% y 

4tt£ 0 x (a 2 + y 2 ) 312 


Since y « a 
= 2g g 0 y 
ncl 4tc£ 0 x 2a 3 

Hence F net oc y. So the correct choice is (d). 

45. The potential on each capacitor will be zero if the 
capacitors are connected as shown in the figure, i.e. 

Q\ = Qi 

=> 120 C, = 200 C 2 

=> 3C, = 5 C 2 

Qi=C l V l 
(+) 


(-) 

Q 2 = c 2 v 2 


dx 





Consisder a small element of length dx at distance 
x from O. Charge of the element is 



The electric potential at O due to the charged rod is 


4 K£ 0 x x J =L 47C€ 0 L x 

= Q x= \ Ldx 

47T£ () L J . .V 

u x-L 

= ———| In 

4ke q L l 4ne 0 L 


V- I 

x=L 


47. The correct choice is (a) 

48. Given C 0 = = 9 pF 

d 



c _ = = 9e o A _ 9 c 

1 rf/3 rf/3 d ° 

c _ k 2 £ 0 A = 6e 0 A = 9e 0 A _ ()C 

2 2d/3 2d/3 d 0 

Capacitors C, and C 2 are in series. The equivalent 
capacitance is 

C X C 2 _ 9C 0 x 9C 0 _ 9 c 
C,+C 2 18C 0 2 0 

9 

= - x 9pF = 40.5 pF 
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a For moderate electric field, the drift-speed of 
electrons in a conductor is of the of order of a 
Note few mms ‘. 


3. Ohm's Law 

Ohm s Law states that the current flowing through 
a conductor is directly proportional to the potential 
difference across its ends, provided the physical conditions 
of the conductor remain the same. 

Thus, 

V ~ / or V=RI 

where R is the resistance of the given conductor. 


4. Electrical Resistivity 


The resistance of a wire is directly proportional to its 
length (/) and inversely proportional to its area of cross- 
section (A), i.c. 


or 


R oc — or R = p — 
A A 

RA 




where p is a constant of proportionality and its value 
depends on the material of the wire. The constant p is 
called the resistivity of the material of the wire. 

Unit of p : From Eq. (1) we have 

TT . „ unit of R x unit of A ohm x (metre ) 2 

Unit of p=— —-= — 

unit of / metre 


= ohm metre 

Hence p is measured in ohm metre (or Q. m). 

Note that the value of p is independent of the length and 
the area of cross-section of the wire; it depends only on the 
material of the wire and temperature. Thus, resistivity is a 
characteristic of the material. The reciprocal of resistivity 
is called conductivity. 

5. Resistors in Series and Parallel 

1. Resistors in series 

When resistors are joined in series, the total 
resistance R of the combination is equal to the sum 
of the individual resistances, i.e. 

R = R\ + /?-> + /?3 + ••• 

The current is the same in all resistors. The total 
potential difference across the combination is equal 
to the sum of the potential differences across the 
individual resistors. 


2. Resistors in parallel 

When resistors are connected in parallel, the 
effective resistance of the combination is given by 

1111 

— —- 1 - 1 -+ ••• 

R R x R 2 R 3 

The potential difference is the same across each 
resistor. The total current is equal to the sum of the 
currents in the individual resistors. 

6. Emf, Terminal Voltage and Internal Resistance 
of a Cell 

The potential difference between the terminals of a cell 
when it is on an open circuit, i.e. when no current is drawn 
from it is called its emf ( E ). 

The potential difference between the terminals of a cell 
when it is in a closed circuit, i.e. when a current is drawn 
from it is called its terminal voltage (V). 

Every cell has a resistance of its own called its internal 
resistance (r). The value of r depends upon the nature of 
electrodes, the nature of the electrolyte, size of electrodes 
and the distance between them. 

Figure 12.3 shows a cell of emf £, internal resistance r 
connected to an external resistance R. 



E r 

1 AAAAA 

—Cell 


1 VVVV 


a 

-AA/WV\W 



R 

Fig. 12.3 

Total resistance of the circuit = R + r. 'The current in the 
circuit is 



(R + r) 


Potential difference across r is v = Ir 
Potential difference across R is V = IR. V is called the 
terminal voltage and v is the potential drop across the 
internal resistance. 

Thus E = V+v = I(R + r) 

Terminal voltage is V= E - Jr 

7. Grouping of Cells 

(a) Cells connected in series 

Consider two cells of emfs £, and E 2 and internal 
resistances /*, and r 2 connected in series as shown in 
Fig. 12.4. 
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V,J = 


Vo 

Lne 


0.8 x (6.4 x 10 7 ) 


1.0 x (8.0 x 10 28 ) x (1.6 x 10” 19 ) 

= 4 x 10~ 3 ms= 4 mms' 1 

EXAMPLE 3 The current / (in ampere) flowing in a 
wire varies with time t (in second) according to the equation 
1 = 5/ + 3/". Find the amount of charge which passes 
through a cross-section of the wire in the time interval 
/ = 2 s to t = 4 s. 

SOLUTION I=^ t => dq = Idt=(5t + 3 t 2 )dt 

Therefore, the amount of charge passing from t = 2 s to 
/ = 4 s is 

4 

q = J (5t + 3t 2 ) dl 

4 

. 2 

= | x (4 2 - 2 2 ) + (4 3 - 2 3 ) 

= ^ x (16-4)+ (64-8) 

= 86 coulomb 

EXAMPLE 4 A wire of resistance 5 Q. is drawn out 
so that its length is increased to twice its original length. 
Find the new resistance of the wire. 

SOLUTION If a wire is stretched, its length L 
increases and its diameter and hence the cross-sectional 
area A decreases, but the volume of the wire remains the 
same. Hence AL = constant. Thus 


5 

2 

4 3 


— 

t 

H - 

t 

2 


2 3 



A X L\ — A 2 L 2 

Given L 1 = 2L,. Therefore A^= = — 

L 1 2 


... . pL , 

Original resistance /?, = —- 


New resistance 




Resistivity p depends only on the material of the wire 
and hence it remains the same. 


R 


2 _ 




R, = 


=2x2 = 4 

L A' 


AR ] = 4x5 = 20Q 


If a wire of resistance R is stretched to n times 
its original length, the resistance of the stretched 

Note w * rc = n ~^’ 



EXAMPLE 5 A wire has a resistance of 9 Q. It is cut 
into three equal pieces. Each piece is stretched uniformly 
to three times its original length. The three streched pieces 
are connected in parallel. Find the total resistance of the 
combination. 

9 

SOLUTION Resistance each piece is R = — = 3 Q. 

The new resistance of each stretched piece = n~R = (3) 2 X 3 

= 27 Q. The total resistance of the parallel combination 
is given by 

J_ = J_ J_ J__I 

/?., 27 27 27 ~ 9 


=> R p = 9 Q 

EXAMPLE 6 A wire is stretched to make it 0.1% 
longer. What is the percentage change in the resistance? 


SOLUTION AL = constant 

0.1 


Given L 2 = L , + 


100 


A 2 = A jx —- = 


—) A j/. | A^L' 
xL l =L i (1 +0.001) 

L A, 


Now /?, = 


_ pL { 


A, 


and R 2 = 


R 2 l 2 


L 2 (1+0.001) 
pL t 


. Therefore 


x 


R\ L| A 2 

= (1 + 0.001) x(l +0.001) 

= (1 + 0 . 001 ) 2 = 1 + 0.002 = 1.002 
=> R 2 = 1.002 /?, 

Change in resistance AR = R 2 - R\ = 0.002 R { 

A R 


Percentage increase in resistance = — x 100 = 
0.002x100 = 0.2% 1 

Simple Method 

, AL r . . , J 

If — « 1, the following simpler method may be used. 
L 

R = ?± 

A 
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1. Draw a arrow on the top of each cell pointing from 
the positive to the negative terminal. 

2. Choose a closed loop and move in a clockwise 
direction in that loop. 

3. While crossing a cell, if you are moving in the 
direction of the arrow drawn on the cell, the cmf of 
the cell is taken as positive but if you are moving 
opposite to the direction of the arrow, the emf is 
taken as negative. Do not worry about the direction 
of the current in the branch of the circuit containing 
that cell. 

4. While crossing a resistor, if you are moving in 
the direction of the current through that resistor, 
the potential drop (1R) across the resistor is taken 
as positive but if you are moving opposite to the 
direction of the current, the potential drop across the 
resistor is taken as negative. 

In the circuit shown in Fig. 12.20, there arc two junctions 
at b and e. Applying the junction rule at either b or e we 
have 


h+h-h 



Applying the loop rule to loops abefa and bccleb we 
have 



E\ -I 3 R 3 ~ I\R\ = 0 

( 2 ) 

and 

— E 2 + I 2 R 2 + 7 3 /? 3 — 0 

(3) 


If the values of E 2 , R ,, R 2 and R 2 are known, the 
values of 7,, / 2 and 7 3 can be obtained by the simultaneous 
solutions of Eqs. (1), (2) and (3). 


a l. Select as many loops as the number 
of unknowns. In the circuit shown in 
Note Fig- 1 2 . 20 . There arc two unknowns /, and I 2 . 

The third unknown 7 3 is determined by using 
the junction rule [Eq. (1)]. So we select two 
out of the three loops. 

2. If the directions of currents arc not given, choose any 
direction (clockwise or anticlockwise) in a loop and 
calculate the values of currents. If any current turns 
out to be negative, it indicates that our choice of the 
direction of that current is incorrect. So reverse the 
direction of that current. The magnitude of the current 
remains the same. 



SOLUTION Applying the junction rule at P, the 
current in branch PQ = 2 + 2 = 4 A. 

Using the junction rule at Q , the current in branch QR 
= 4 A- I A = 3 A. 

Using the junction rule at P, we get 

/+ 1.3 A = 3 A => 7=1.7 A 

i@ EXAMPLE 15 In the circuit shown in Fig. 12.22, 
calculate 

(a) the values of currents 7,, I 2 and 7 3 

(b) the potential difference between points B and E 
Given E x = 12 V, E 2 = 6 V, R { = 5 Q, R 2 = 3 Q and R 3 
= 2Q 

B C 




R 2 

E 2~j 2 \ 


FED 
Fig. 12.22 

SOLUTION 

(a) Applying junction rule at /?, 

Applying loop rule to loop ABEFA 
7 3 /? 3 — E | 4- /j/? | = 0 

=> 2/ 3 - 12 + 57 , = 0 

Applying loop rule to loop BCDEB 
—I~>R 2 + E-, — / 3 P 3 — 0 
=> - 3 / 2 + 6 - 2/ 3 = 0 

Using (1) in (2) and (3), we get 


( 1 ) 


( 2 ) 


(3) 



part 


EXAMPLE 14 Figure 12.21 shows currents in a 
of an electrical circuit. Find the value of current 7. 


2(7, +/ 2 )- 12 + 57, =0 


77, +2 1 2 = 12 
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and - 37 2 + 6 - 2(7, + I 2 ) = 0 
=> 27, + 5/ 2 = 6 



Since 7 is negative, our choice for the direction of 7 is 
incorrect. So the direction of 7 will have to be reversed as 
shown in Fig. 12.25 where now /= + 0.1 A. 


48 18 

Solving (5) and (6) we get / 1 = — A , / 2 = — A and 

/ 3 = /, + 12 = — A 
3 1 2 31 

(b) To find potential difference between B and E , we 
start from B and go to E. 


y B -V E =I 3 R 3 = j- x 2 = 4.26 V 


Two cells of emfs ZT, = 1.5 V and 


EXAMPLE 16 

E 2 = 2.0 V and internal resistances r , =1.00 and r 2 = 1.50 
respectively are connected to an external resistor R = 2.5 Q 
as shown in Fig. 12.23. Find the potential difference 

(a) between points A and B 

(b) between points B and C 

(c) across R. 



Fig. 12.23 

SOLUTION We choose any direction for the 
current 7 in the circuit. If the value of / turns out to be 
negative, then our choice is incorrect, the direction of the 
current has to be reversed. Let us choose the direction of 7 
as shown in Fig. 12.24. 


r i B 

\ ww ♦ 


■1 


r 2 

I VW ,C 
£2 1 


-vm- 

R 


D 


Fig. 12.25 

(a) V A -V B = -E l -Ir l = - 1.5-0.1 x 1.0 = - 1.6 V. The 
negative sign indicates that A is at a lower potential 
than B. 

(b) V B -V c -E 2 - lr 2 = 2.0 - 0.1 x 1.5= 1.85 V. Point/? 
is at a higher potential that point C. 

(c) V r = IR = 0.1 x 2.5 = 0.25 V. 

EXAMPLE 17 Find the value of current I in the 
circuit shown in Fig. 12.26. 


B 


ww 

3 a 


4 LI 


"9 V 
2 Q 

-D 


Fig. 12.26 


SOLUTION V A - V D = - 4/- 3/ + 9 - 2/ 


A 


E 


/ 

_1 

AAAAA-L 


1 

E 

WV\r^ 

i_i 

l 

-< - 


B / 

• > 



WW-<- 'D 

R / 


Fig. 12.24 

Applying loop rule to loop ABCDEA , 

- E x + 7r, + E 2 + Ir 2 + IR = 0 
=> -1.5 + /X 1.0 + 2.0 + /X 1.5+2.57 = 0 

=> 7 =-0.1 A 


= -97+9 

But V A = V D because points A and D are earthed. 
-97+9=0 =» 7=1 A 

9. Wheatstone's Bridge 

The network of four resistances P , (7, R and S shown 
in Fig. 12.27 is called Wheatstone’s Bridge. A battery 
is connected between A and C and a galvanometer is 
connected between B and D. If the values of P, (7, R and 
S are such that no current flows through the galvanometer, 
the bridge is said to be balanced. Then points B and D are 
at the same potential. 
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Using (1) in (2), 


2 (1 2 + R 2 ) = 3 

3 12 R 2 2 


R 2 = 15 Q 


and 



10 £2 


10. The Potentiometer 

Figure 12.34 shows a potentiometer where AB is a wire 
of uniform cross-section, V is the driver battery and £ is a 
cell. The emf of the battery is greater than that of the cell. 


V/ 



The principle of a potentiometer is based on the fact 
that the potential difference across any length of the wire is 
proportional to that length of the wire. If £ is the resistance 
of the potentiometer wire AB and L is its length, then 
R = pL/A where p is the resistivity of the material of the 
wire and A its cross-sectional area. From Ohm’s law, 
V= IR or V= IpLIA = KL where K = Ip/A, which is constant 
for a given wire. Hence 

Foe L 

V 

or — = K = potential gradient or tall of potential per 

unit length of the potentiometer wire. Hence potential 
difference v across any portion / of the wire is v = Kl. 
The galvanometer will show no deflection if v = emf 
E of the cell E or E = v = Kl. The length / is called the 
balancing length of the potentiometer wire. At balance 
point, potential difference across / due to the driver cell 
V = emf of cell E 


2. Determination of internal resistance of a cell 

If /1 is the balancing length will cell of emf E when 
switch .S’ is open [Fig. 12.35], then 

E = Kl x 


v 


n 

-- u 

i 

-► 

A 

i — 


i 

E 

i__ 



-vw 

R 

i 

HF 

s 

G 



Fig. 12.35 

A known resistance R is connected across the cell 
£, switch S is closed and the new balancing length l 2 is 
found, then (since a current is now drawn from cell £), the 
terminal voltage VofE is equal to K / 2 , i.e. 

V = Kl 2 

£=^i = i 

v ki 2 i 2 

Now E = V + v = IR 4- lr where / is the current drawn 
from E and r is its internal resistance. Thus 


V + v 
V 


_ M 


1 + iUi 
v /, 


V 

V 


_ =iL_! 


— = - 1 
IR l 2 


r =R 


i-i 

J 


Applications of Potentiometer 

1. Comparison of emfs of two cells 

If/, and 1 2 arc the balancing lengths will cells ofemfs 
E | and E 2 , then 

£, = K/ { and E 2 = Kl 2 

ff\_ _ _ h_ 


Knowing the values of £, /, and R 2 , the value of r is 
determined. 

© EXAMPLE 21 A uniform wire of length 400 cm 
and resistance 2 Q is used in a potentiometer. The wire 
is connected in series with a battery of emf 5 V and an 
external resistance of 3 £2. With a cell of unknown emf £, 
the balancing length is found to be 250 cm. Find (a) the 
potential gradient along the potentiometer wire and (b) the 
value of E. 
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(because no current is drawn from it at the balance 
point. Hence 


Vac = 2 


0.04 x 5 r 


= 2 


r = 60 Q 


(b) Let R be the resistance of voltmeter. When it is 
connected across £, the current drawn from the cell 
of emf 2 V is 



R + 10 


Potential difference across the voltmeter is 


/ = current to be measured, 

G = galvanometer resistance, 

/,, = current through the galvanometer for full scale 
deflection, and 
S = shunt resistance 

It is clear that (since p.d. across G = p.d. across S) 

I g G = I s S. Also 7 = 4 + /, 
I g G=(I-I g )S 




G 


V r =I'R = 


2 R 


/? + 10 


V R must be equal to the potential difference across 
AC' due to the driver cell. 

V R = resistance of AC' x current / 


60 x 490 


600 


2 R 


(/?+ 10 ) 


= 1.96 


x 0.04 = 1.96 


R = 490 Q 


EXAMPLE 24 A galvanometer of resistance 20 Q 
gives full scale deflection when a current of 1 mA is passed 
through it 

(a) How will you convert it into a ammeter that can read 
currents upto 1.0 A? 

(b) What is the resistance of the ammeter? When it is 
connected in a circuit, docs it read slightly less or 
more than the actual current in the original circuit? 

SOLUTION 

(a) Given /= 1.0 A, / = 1 mA = 00.1 A and G = 20 Q. 


(c) Voltmeter reading is 



2 R _ 2x490 
(tf + 10) " (490 + 10) 


1.96 V 


11. Ammeter 

Ammeter is used for measuring current in a circuit. It is 
a galvanometer having a very small resistance (called 
shunt) connected in parallel with it. The ammeter is always 
connected in series in the circuit the current through which 
is to be measured. 



Fig. 12.39 


The range of an ammeter is the maximum current it 
can measure. The value of the shunt resistance determines 
the range of an ammeter. Figure 12.39 shows a part of a 
circuit, where 




( 4 1 

n — 

( 0.001 


w — 

^ 1.0 - 0.001 J 


x 20 - 0.02 Q 


The required shunt resistance is 0.02 Q. 
(b) Resistance of the ammeter is 



_GS_ s 20X0M 
G + S (20 + 0.02) 


Since the ammeter is connected in scries in the 
circuit, it will slightly increase the total resistance 
of the circuit and hence the current in the circuit 
will slightly decrease. Hence the ammeter will read 
slightly less than the actual current. 


12. Voltmeter 

Voltmeter is used for measuring potential difference across 
a resistor in a circuit. It is a galvanometer having a very 
high resistance connected in series with it. The voltmeter 
is always connected in parallel with the resistor across 
which the potential difference is to be measured. 

The range of a voltmeter is the maximum voltage it can 
measure. The range is determined by the value of high 
resistance connected in series with it. Figure 12.40 shows 
a voltmeter, where 
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SOLUTION 


(a) P = 1 kW = 1000 W, V= 200 volt. The resistance of 
the heater is 



200x200 

1000 


= 40 ft 


(b) Since R remains unchange, the power of the heater 
when the voltage drops to V' = 160 V will be 

• 2 


P'= 


r- 

~R 


160x160 

40 


= 640 W 


P- P' 

.*. Percentage drop in power = ——— x 100 


H000-640 ^ 
1000 


x 100 = 36% 


EXAMPLE 28 An electric bulb has a rating of 40 W, 
200 V. Can the bulb be safely used across of 300 V supply? 
If not, what will you do so that it can glow with normal 
brightness when it is connected across 300 V supply? 

Q SOLUTION Given P = 40 W, V = 200 volt. The 
resistance of the bulb is 


R = 


R 


200 x 200 
40 


= 1000 ft 


If this bulb is connected to a 300 V supply, the power 

dissipated is ~ 

^ = 300X300 =9QW 

R 1000 

Since P, » P, the bulb will get damaged because now it 
glows much more brightly and hence cannot be safely used 
across a 300 V supply. It will glow with normal brightness 
if it dissipated 40 W. This will happen if the voltage 
across it is 200 V. To make it glow with normal brightness 
when connected to 300 V supply, a resistance P, must be 
connected in series with it as shown in Fig. 12.42 so that 
the voltage drop across R is 200 V and across P, is 100 V. 
The current in the circuit is 

/ = V = 300 
P + P, 1000 + P, 


R 



300 P t 
(1000 + Pj) 


= 100 =>Pj = 500 ft 


Q EXAMPLE 29 Two bulbs A and B are rated 40 W, 
200 V and 60 W, 200 V respectively. Which bulb will glow 
more brightly if 


(a) the two bulbs are connected in series and this 
combination is connected across a 200 V supply? 

(b) the two bulbs are connected in parallel and this 
combination is connected across a 200 V supply? 


V 2 

SOLU1 ION Resistance of bulb A is R A = — 

Pa 


= 200 x 200 
40 

= 1000 ft 

V 2 

Resistance of bulb B is R r = — 

Pb 


200x200 

60 


= 666.7 ft 


(a) If the two bulbs are connected in series, the current 
flowing to each will be the same. Let the current be /. 

Power dissipated in A is P A = 1~R A 
Power dissipated in B is P' B = 1 2 R B 

Pa _ I 2 *a _ Ra 
Pb I 2 Rb Rn 


Since R A > R B \ P A > P B . I Icnce bulb A will glow more 
brightly than bulb B. 

(b) If the two bulbs are connected in parallel, the potential 
difference across each bulb will be the same = supply 
voltage V. 


Power dissipated in A is P A = 



V 2 

Power dissipated in B is P B = — 

r b 


PI = Rb_ 

p" R 
r B n A 

Since R B < R A ; P"< P B . Hence bulb B will glow more 
brightly than bulb A. 

0 EXAMPLE 30 An electric cable having a resistance 
of 0.2 ft delivers 10 kW of power at 200 V to a factory. 
Find the efficiency of transmission. 
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SOLUTION R 2 = rt, [1 + a(t 2 - /,)] 

117-100 


ah 


(1.7 x 10 -4 ) x 100 


= 1000°C 


t 2 = 1000 + /, = 1000 + 27 = 1027°C 

EXAMPLE 34 The resistance of a wire is 3.00 El 
at 0°C and 3.75 El at 100°C. Its resistance is measured to 
be 3.15 El at room temperature. Find the room temperature. 


SOLUTION «- - 175 " 3 00 


R { (t 2 -ti) 3.00(100-0) 

= 0.0025 K' 1 

R, = R 0 ( 1 + at) => — -- = at 


R 


o 


t = 


a R n 


3.15-3.00 

0.0025x3.00 


= 20°C 


i 

SECTION 


Multiple Choice Questions with One Correct Choice 


1. In the circuit shown in Fig. 12.44, the reading of 


ammeter A is 



(a) 0.2 A 


(b) 0.4 A 

(c) 0.6 A 


(d) 0.8 A 



60 




4 0 

AAAAA-- 

A 

0— 



3 LI 

2 V 


V V V V 

2 LI 


Fig. 12.44 

2. Figure 12.45 shows a circuit with two cells in 
opposition to each other. One cell has an emf of 
6 V and internal resistance of 2 O and the other cell 
has an emf of 4 V and internal resistance of 8 El. The 
potential difference across the terminals X and Y is 
(a) 5.4 V (b) 5.6 V 

(c) 5.8 V (d) 6.0 V 


6 V, 2 a 



a _ 

X 

w 

Y 


4 V, 8 £2 
Fig. 12.45 


3. A voltmeter having a resistance of 1800 El is 
employed to measure the potential difference across 


a 200 El resistor which is connected to the terminals 
of a DC power supply having an emf of 50 V and an 
internal resistance of 20 El. What is the percentage 
decrease in the potential difference across the 200 El 
resistor as a result of connecting the voltmeter across 
it? 

(a) 1% (b) 5% 

(c) 10% (d) 25% 

4. The deflection in a moving coil galvanometer falls 
from 50 to 10 divisions when a shunt of 12 El 
is connected across it. The resistance of the 
galvanometer coil is 

(a) 24 Q (b) 36 El 

(c) 48 Q (d) 60 El 

5. A galvanometer of resistance 10 El gives full-scale 
deflection when 1 mA current passes through it. The 
resistance required to convert it into a voltmeter 
reading up to 2.5 V is 

(a) 24.9 El (b) 249 El 

(c) 2490 El (d) 24900 El 

6. The driver cell of a potentiometer has an emf of 
2 V and negligible internal resistance. The 
potentiometer wire has a resistance of 5 Q and is 
1 m long. The resistance which must be connected 
in series with the wire so as to have a potential 
difference of 5 mV across the whole wire is 

(a) 1985 El (b) 1990 El 

(c) 1995 El (d) 2000 El 

7. An electric kettle has two coils. When one coil is 
connected to the ac mains, the water in the kettle 
boils in 10 minutes. When the other coil is used, the 
same quantity of water takes 15 minutes to boil. I low 
long will it take for the same quantity of water to boil 
if the two coils are connected in parallel? 
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(a) 6 min (b) 12 min 

(c) 18 min (d) 24 min 

8. A 12 V, 24 W tungsten filament bulb is supplied the 
current from n cells connected in series. Each cell 
has an emf 1.5 V and internal resistance of 0.25 £2. 
What is the value of n in order that the bulb runs at 
its rated power? 

(a) 6 (b) 8 

(c) 12 (d) 16 

9. A coil is embedded in a block of ice placed in an 
insulated box. If a current of 1.0 A is passed through 
the coil by applying a potential difference of 210 V 
across it, the amount of ice melted in one hour is 

(a) 2.00 kg (b) 2.25 kg 

(c) 2.50 kg (d) 2.75 kg 

10. An electric bulb has a rating of 500 W, 100 V. It 
is used in a circuit having a 200 V supply. What 
resistance must be connected in series with the bulb 
so that it delivers 500 W? 

(a) 10 £2 (b) 20 £2 

(c) 30 £2 (d) 40 £2 

11. Two identical cells of emf 1.5 V each connected 
in parallel provide a supply to an external circuit 
consisting of two resistors of 7 £2 each joined in 
parallel. A very high resistance voltmeter reads the 
terminal voltage of the cells to be 1.4 V. What is the 
internal resistance of each cell? 

(a) 0.2 £2 (b) 0.3 £2 

(c) 0.4 £2 (d) 0.5 £2 

12. The resistance network shown in Fig. 12.46 is 
connected to a battery of emf 30 V having an internal 
resistance of 1 £2. What is the voltage drop across the 
2 £2 resistor? 

(a) 3 V (b) 6 V 

(c) 12 V (d) 24 V 

12 a 


2 £2 6 £2 

4 £2 
I k 

r= 1 LI 

E = 30 V 

Fig. 12.46 



13. In Q. 12, what is the terminal voltage of the battery? 

(a) 15 V (b) 18 V 

(c) 21 V (d) 24 V 

14. In Q. 12, what is the voltage drop across the internal 
resistance of the battery? 

(a) 2 V (b) 4 V 

(c) 6 V (d) 8 V 

15. What is the steady state current in the 2 £2 resistor 
shown in Fig. 12.47? The internal resistance of the 
battery is negligible and the capacitance C = 0.5 p F. 


2 £2 


A 


B 


3 £2 



•~j ■ 
WI 

in' 

C 

2.8 £2 

| A A A A A 

VV V V 


6 v 

Fig. 12.47 


(a) 0.3 A (b) 0.6 A 

(c) 0.9 A (d) 1.2 A 

16. A battery consists of three cells of emfs 2.2 V, 2.0 V 
and 1.8 V of internal resistance 0.5 £2, 0.7 £2 and 
0.8 £2 respectively connected in series. The battery 
is connected to an external resistance of 4.0 £2 via a 
very low resistance ammeter. What is the ammeter 
reading? 

(a) 0.5 A (b) 1.0 A 

(c) 1.5 A (d) 2.0 A 

17. A battery of emf 12 V and internal resistance 0.5 £2 
is charged by a battery charger which supplies a 
132 V dc supply using a series resistance of 11.5 £2. 
What is the terminal voltage of the battery during 
charging? 

(a) 15 V (b) 16 V 

(c) 17 V (d) 18 V 

18. In the potentiometer circuit shown in Fig. 12.48, the 
balance point with R = 10 £2 when switch Sj is closed 
and S 2 is open is 50 cm, while that when S 2 is closed 
and S, is open is 60 cm. What is the value of V? 

(a) 1 £2 (b) 2 £2 

(c) 3 £2 (d) 4 £2 


Copyrighted material 






Current Electricity 12.21 



C' 


Fig. 12.48 


19. A voltmeter reads 3 V at full-scale deflection and 
is graded as 6000 ft/V. What resistance should be 
connected in series with it so that it reads 12 V at 
full-scale deflection? 

(a) 1.8 x 10 4 Q (b) 3.6 x 10 4 Q 

(c) 5.4 x 10 4 £2 (d) 7.2 x 10 4 Q 

20. A DC milliammeter has a resistance of 12 ft and 
gives a full scale deflection for a current of 0.01 A. 
To convert it into a voltmeter giving a full-scale 
deflection for 3 V, the resistance required to be put 
in series with the instrument is 

(a) 102 ft (b) 288 Q 

(c) 300 Q (d) 412 ft 

21. In Fig. 12.49, the galvanometer shows no deflection. 
What is the resistance A'? 

(a) 7 ft (b) 14 ft 

(c) 21 ft (d) 28 ft 

10 Li 




40 Li 




> 7 Li 


Fig. 12.49 

22. The resistance between points A and B in the circuit 
shown in Fig. 12.50 is 
(a) 4 ft (b) 6 ft 

(c) 10 ft (d) 18 ft 


4 LI 


6 Q 


8.Q 


B 


8 Li 


8 Li 


4 Li 


A Li 


Fig. 12.50 

23. The current / in the circuit shown in Fig. 12.51 is 


2V T v r , 30 Q 

30 Li 


30 Q 

Fig. 12.51 


(a) — A 
45 

(c) — A 

10 


1 


(b) — A 
15 

(d) l - A 


24. The internal resistance of the cell shown in Fig. 12.52 
is negligible. On closing the key K , the ammeter 
reading changes from 0.25 A to 5/12 A, then 

(a) = 10 ft 

(b) = 15 ft 

(c) the power draw n from the cell decreases 

(d) the current through R decreases by 40% 


K 


ft 


R= ion 


Fig. 12.52 

25. Two equal resistances R , = R 2 = R are connected with a 
30 ft resistor and a battery of terminal voltage V. The 
currents in the two branches are 2.25 A and 1.5 A as 
shown in Fig. 12.53. Then 
(a) R 2 = 15 ft (b) R 2 = 30 ft 

(c) F= 36 V (d) V= 180 V 
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53. A heater boils a certain quantity of water in time t x . 
Another heater boils the same quantity of water in 
time t 2 If both heaters arc connected in parallel, the 
combination will boil the same quantity of water in 
time. 


( a ) (h + h) 


(b) (/, + / 2 ) 


(c) 


t\ ^2 


(d) yflJ: 


('i +h) 

54. In the circuit shown in Fig. 12.62, the ammeter A 
reads zero. If the batteries have negligible internal 
resistance, the value of/? is 

(a) 10 Q (b) 20 Q 

(c) 30 Q (d) 40 Q 


60 Q 


0 


'I T 


4 V 


R 


1 V 


Fig. 12.62 

55. A uniform wire of resistance 4 Q is bent into the form 
of a circle of radius r. A speciment of the same wire 
is connected along the diameter of the circle. What 
is the equivalent resistance between the ends of this 
wire? 

4 


(a) 


(c) 


(4 + 7T) 
2 


1 Q 

(b) 

3 Q 
(3 + /r) 

Q 

(d) 

(1 +n) ° 


(2 + tt) 

56. Figure 12.63 shows currents in a part of an electrical 
circuit. The current i is 


(a) 1 A 
(c) 1.7 A 


(b) 1.3 A 
(d) 3.7 A 


2 A 


1 A / 


Q 


2A 




1.3 A 


R 


1 i 


Fig. 12.63 

57. A wire of resistance 1 Q is elongated by 10%. The 
resistance of the elongated wire is 


(a) 1.1 Q (b) 11.1 Q 

(c) 1.21 Q (d) 13.1 Q 

58. If each of the resistances shown in the network of 
Fig. 12.64 is /?, the effective resistance between 
terminals A and B will be 
(a) R (b) 2 R 

(c) 3 R (d) 5R 


S • 


B 


O 


R 


Fig. 12.64 


59. What is the potential difference between points C 
and D in the circuit shown in Fig. 12.65? 

(a) 3.6 V (b) 7.2 V 

(c) 10.8 V (d) 12 V 

Ci — 1 (.iF C 2 = 2 p.F 


B 

4 

k 

* 

3 


6 n 


D 


A / 




12 V in 
Fig. 12.65 

60. In the circuit shown in Fig. 12.66, the effective 
resistance between A and B is 


<a,f 

(c) 2 R 


R 


(b) R 

(d) 4 R 
R 


R 


R 


D 


R 


R 

Fig. 12.66 


B 
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(a,f 


(b) R 


(c) 3 R (d) 6 R 

69. A heater is designed to operate with a power of 1000 W 
in a 100 V line. It is connected, in combination with 
a resistance of 10 Q and a resistance R to a 100 V 
line as shown in Fig. 12.71. What should be the 
value of R so that the heater operates with a power 
of 62.5 W? 

(a) 10 Q (b) 62.5 Q 


(c) 


- Q. 
5 


(d) 5 Q 


ion 


Heater 


30 . 20 

A ( 

2n 

|_A. AAA/_ 







R 

o ioo v o 
Fig. 12.71 

70. A constant voltage is applied between the two ends 
of a metallic wire. Some heat is developed in it. The 
heat developed is doubled if 

(a) both the length and the radius of the wire are 
halved 

(b) both the length and the radius of the wire are 
doubled 

(c) the radius of the wire is halved 

(d) the length of the wire is doubled 
Eight cells marked 1 to 8, each of emf 5 V and 
internal resistance 0.2 Q are connected as shown in 
Fig. 12.72. What is the reading of the ideal voltmeter 
V? 

(b) 20 V 
(d) zero 

©CD© 

HHH'— 


71 


(a) 40 V 
(c)5V 


A 


B 


v (7) 


T © 


D 


HHH 1 — 

® ©© 

Fig. 12.72 

72. A piece of copper and another of germanium are 
cooled from room temperature to 40 K. The resistance 
of 


(a) each of them decreases 

(b) each of them increases 

(c) copper increases and of germanium decreases 

(d) copper decreases and of germanium increases 

73. A steady current flows in a metallic conductor of 
nonuniform cross-section. The quantity/quantities 
that remains/remain constant along the length of the 
conductor i s/arc 

(a) current, electric field and drift speed 

(b) drift speed only 

(c) current and drift speed 

(d) current only 

74. In the circuit shown in Fig. 12.73, the current through 


9 V 


8 Q 


8 Cl 


4Q 


2 Q 


B 


2fi 


Fig. 12.73 


D 


2 Q 


(a) the 3 Q resistor is 0.50 A 

(b) the 3 Q resistor is 0.25 A 

(c) the 4 Q resistor is 0.50 A 

(d) the 4 Q resistor is 0.25 A 

75. A battery of internal resistance 4 Q is connected to 
the network of resistances as shown in Fig. 12.74. In 
order that maximum power can be delivered to the 
network, the value of R in ohm should be 


R 


R 


R 


6 R 


R 


40 

R 


Fig. 12.74 

ia)4 9 

(b) 

H 

(d) 


4 R 
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100. In the circuit shown in Fig. 12.89, the current in the 
1 Q. resistor is 2 A. The power developed in the 3 Q. 
resistor is 

(a) 3 W (b) 9 W 

(c) 27 W (d) 81 W 


in 

AAAAA 


2 n 

MAM 


A/WNA 

3n 


97. Two electric bulbs, each designed to operate with a 
power of 500 W in a 200 V supply line, are connected 
in scries to a 100 V supply line. The power generated 
in each bulb is 

(a) 31.0 W (b) 31.25 W 

(c) 31.5 W (d) 31.75 W 

98. Two wires AB and BC , each of length L !2 are made 
of the same material. The radius of wire AB is 2 r 
and of wire BC is r. The current / flows through the 
composite wire (see Fig. 12.87). Choose the correct 
statement from the following. 

(a) Potential difference across BC is twice that 
across AB . 

(b) Power dissipated in BC is four times the power 
dissipated in AB. 

(c) Current densities in AB and BC are equal. 

(d) Electric fields in AB and BC are equal. 


A -- / B C 



LI 2-—- LI 2 

Fig. 12.87 


99. In the circuit shown in Fig. 12.88, the resistors of 2 Q 
and 3 Q. together dissipte 30 W of power. The current 
through the 4 Q resistor is 

2Q 

—WvV— 

4L1 

-ww- 

—vvvv— 


v 

Fig. 12.88 

(a) 0.5 A (b) 1.0 A 

(c) 1.5 A (d) 2.0 A 


Fig. 12.89 



Answers 



1. (b) 

2. (b) 

3. (a) 

4. (c) 

5. (c) 

6. (c) 

7. (a) 

8. (c) 

9. (b) 

10. (b) 

11. (d) 

12. (c) 

13. (d) 

14. (c) 

15. (c) 

16. (b) 

17. (c) 

18. (b) 

19. (c) 

20. (b) 

21. (d) 

22. (c) 

23. (c) 

24. (b) 

25. (d) 

26. (c) 

27. (c) 

28. (d) 

29. (c) 

30. (a) 

31. (b) 

32. (c) 

33. (b) 

34. (d) 

35. (d) 

36. (b) 

37. (a) 

38. (d) 

39. (a) 

40. (c) 

41. (c) 

42. (a) 

43. (c) 

44. (c) 

45. (c) 

46. (b) 

47. (d) 

48. (c) 

49. (d) 

50. (d) 

51. (d) 

52. (b) 

53. (c) 

54. (b) 

55. (a) 

56. (c) 

57. (c) 

58. (a) 

59. (a) 

60. (a) 

61. (c) 

62. (b) 

63. (b) 

64. (d) 

65. (d) 

66. (b) 

67. (b) 

68. (a) 

69. (d) 

70. (b) 

71. (d) 

72. (d) 

73. (d) 

74. (d) 

75. (b) 

76. (c) 

77. (b) 

78. (c) 

79. (a) 

80. (d) 

81. (b) 

82. (b) 

83. (a) 

84. (c) 

85. (b) 

86. (c) 

87. (b) 

88. (a) 

89. (b) 

90. (c) 

91. (a) 

92. (c) 

93. (b) 

94. (b) 

95. (d) 

96. (a) 

97. (b) 

98. (b) 

99. (c) 

100. (c) 
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Solutions 

1. Resistors of resistances 6 Cl, 3 Cl and 2 Cl are in 
parallel. Their equivalent resistance r is given by 

1 111 

- = - + - + — 
r 6 3 2 

or r = 1 Cl. This resistance r is in series with the 
4 Q resistance. Therefore the resistance in series 
with the ammeter is R = 1 + 4 = 5 Q. 





When a shunt S is connected across it the current 
through the galvanometer becomes 



G + S 


10 k 



where G is the resistance of the galvanometer. 
Dividing (i) and (ii) we get 

^=5 

5 


Current = 


2V 

5 n 


= 0.4 A. Hence the correct 


choice is (b). 

2. Since the two cells are in opposition, the effective 
voltage = 6 - 4 = 2 V. The current in the circuit is 

2 


/ = 


2 +- 8 


= 0.2 A 


Terminal voltage of 6 V cell = 6 - 2 x 0.2 = 5.6 V 
Terminal voltage of 4 V cell = 4 + 8 x 0.2 = 5.6 V. 
Therefore, the potential difference across terminals 
X and Y is 5.6 V. Hence the correct choice is (b). 


3. Current/ = 


50 


= — A 


(200 + 20 ) 22 
Potential drop across 200 Cl resistor ( V) = 

5 x200=^V 


22 


11 


When a voltmeter of resistance 1800 Cl is connected 
across the 200 Cl resistor, the effective resistance R 
is given by 

1 1 1 


R 1800 200 


which gives R = 180 Cl 


The current in the circuit becomes 

50 5 


V = 


180 + 20 20 


A 


The potential drop becomes 

V' = — x 180 = 45 V 
20 

Difference V-V'= — - 45 = — V 

11 11 

5 11 

Percentage decrease = — x - x 100= 1%. 

11 500 

Hence the correct choice is (a). 

4. If k is the current sensitivity of the galvanometer, the 
current in the galvanometer is 


which gives (7 = 45=4x12 = 48 Q. Hence the 
correct choice is (c). 

5. Let R be the resistance to be connected in series 
with the galvanometer of resistance G in order to 
convert it into a voltmeter reading up to 2.5 V. Then 
the current through the galvanometer is 

/ 

8 R + G 

Putting I g = 1 mA = 1 x 10 3 A and 

G = 10 Cl, we get R = 2490 Cl. 

Hence the correct choice is (c). 

6. In order to have a potential drop of 5 mV = 5x10 3 V 
across a wire of resistance 5 Q. the current flowing 
in the wire should be 

/= 5xio^ = 1 x10 -3 A 
5 

If R is the resistance to be connected in series with 
the wire, then 

2 


R + 5 


= 1 x 1(T 3 


which gives R = 1995 Q. Hence the correct choice is 

(c). 

7. Let H be the amount of heat energy needed to boil 
the given quantity of water. If R } and R 2 are the 
resistances of coils and Lis the applied voltage, then 

H _ v 2 h - y2 h 


or 


h 

/?, 


R* 


2 _ h _ !5 


R, 


10 


3 

2 


When the coils are connected in parallel, the 
combined resistance is given by 

1 1 


R R< 


+ 


1 _ R x + R 2 


R, 
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l = 


120 


R + r 11.5 + 0.5 


= 10 A 


The terminal voltage of the battery during charging 
is V = cmf of the battery + potential difference 
between its internal resistance = 12 + Ir = 12 - 
10x0.5= 17 V. 

18. Let V and V' be the terminal voltages of cells C 
and C' respectively. Let k be the resistance per unit 
length of wire AB , and J the balance point when S, 
is closed. This happens when the potential difference 
across AJ due to C equals potential difference across 
R due to C\ i.e. 


V 


kAB 


kAJ = 


V'R 
R + X 


(i) 


Let J' be the balance point when switch S, is open 
and S 2 is closed. Then 

V 


• kAj ' = r 

kAB 

Dividing (i) and (ii) we get 
R + X AJ' 


(ii) 


or 


R 

IQ + A' 
10 


AJ 

60 


50 


which gives X -2 £2. Hence the correct choice is (b). 

19. A voltmeter is graded according to its resistance 
and the voltage it reads at full scale deflection. If 
a voltmeter has a resistance R ohms and it reads V 
volts at full scale deflection, it is said to be graded as 
R/V ohm per volt. It is given that V = 3.0 V and the 
voltmeter is graded as 6000 £2/V. Hence the resis¬ 
tance of the voltmeter is 

R = 6000 Q/V x 3.0 V= 1.8 x I0 4 Q 
At full-scale deflection, the current through the 
voltmeter is 

V TO 

= 1.67 X 10 A 


/-L- 


R 1.8x10 

In order to convert this instrument into a voltmeter 
that reads 12 V at full-scale deflection, the resistance 
R' that must be connected in series with it is given 
by (here V'= 12 V) 


V' 

R' =- R = 


12 


/ 


-4 


1.8 x 10 


1.67x10 
= 5.4 x 10 4 Q 


20. R = — - G= — -12 = 300 - 12 = 288 Q 

I g 0.01 

Hence the correct choice is (b). 


21. This is a balanced Wheatstone's bridge. Therefore 

LO = 1_ 

40 X 

which gives X= 28 £2. Hence the correct choice is (d) 

22. The given circuit is equivalent to that shown in Fig. 
12.90. Therefore, the total resistance = 4 + 4 + 2 = 
10 £2. Hence the correct choice is (c). 

4Q 


4 a 


B 


2 Q 

Fig. 12.90 


23. The equivalent resistance is given by 

11 13 

R 60 30 “ 60 

or R = 20 Q. Therefore, / = 2/20 = — A, which is 

10 

choice (c). 

24. Initially 7=0.25 A 

Terminal potential of the battery V = 10 x 0.25 
= 2.5 V 


When K is closed, l— — A 

12 


Effective resistance R 2 is given by 

1 1 1 

— = — H— or R 7 = 
/?-> /?, R 


R>R 


2 /V 1 
5 _ 2.5 _ 2.5 (R } +R) 


R { + R 


12 R- 


RR> 


50 R } =30 R } +300 


(y R= 10 Q) 


or 


R* = 15 Q 


R, = 


10x15 
~25~ 


= 6Q 


Power drawn V 2 /R increases since total resistance 
decreases. 

Hence the correct choice is (b). 

25. Using KirchhofTs 1st law current through R 2 is 2.25 
1.5 = 0.75 A. Also since R 2 is in parallel with the 
30 Q resistance, R 2 must be 60 Q. since only half 
the current flows through it compared to the current 
through 30 £2 resistor. Total resistance in the circuit 
becomes 60 + 20 = 80 £2 
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Potential drop across the battery V- I R = 2.25 x 80 
= 180 V. 

Hence the correct choice is (d). 

26. Total resistance = 4 + 1 + 0.5 + 0.5 = 6 Cl. Net 

voltage in the circuit is 6 V. Current / = — = 1 A in 
the anticlockwise direction ^ 

Vpr = 1 x 4 = 4 v 

Since R is connected to earth, V R = 0. Hence V P = 

4 V 

V SQ = 0.5 x 1 = 0.5 V. 

5 is at a higher potential than Q 

V q = -0.5\ 

Current is being forced into the 6 V battery in the 
opposite direction. Hence V 6 = E + I r = 6 + 1 x 1 = 
7 V 

Hence the correct choice is (c). 

27. Potential difference across MP = p.d. across NO = 
p.d. across NP (see Fig. 12.55 on page 12.22) 

Current across NP , I NP x 10 = 20 x 1 or I NP = 2 A 
Across MP, 0.5 R x = 20 or = 40 Cl 
Total current = 2 + 0.5 * 1.0 = 3.5 A 

3.5 = -—- yields R = 14 Cl 

R + 40/7 


Hence the correct choice is (c). 

28. The potential at O with respect to R is 15V and R is 
at 25 V higher potential than S. Thus Q is 40 V higher 
than S. When Q is grounded, its potential becomes 
zero, thus, V s = - 40 V. 

29. The circuit can be rearranged as shown in Fig. 12.91. 
The resistance between points A and D is given by 

4Q c 2 a 


4 n 2n 

ABO 
Fig. 12.91 

1 _ \_ \_ _\_ 

R 6 6 3 

or R = 3 Q. Hence the correct choice is (c). 

30. If / is the maximum current that can flow through the 
coil, 

100 7 + 4900 7= 5 V or 7= —^— A 

1000 


If R is the required resistance, 

100 7 + R' I = 10, which gives R' = 9900 Cl 
Since R' = R + 4900, R = 5000 Cl. 

Hence the correct choice is (a). 

31. — = = — . Now P = V 2 ! R. Therefore 

P 2 200 2 

_ (110) 2 ;; r 2 a. 

Pi P\ Vj R\ (220) 2 4/?, 


But P\/ P 2 = 1/2. Therefore, R\IR 2 = 1/2. Hence the 
correct choice is (b). 


V 2 V 2 A 

32. Heat produced = — =-. where p is the specific 

R pi 

resistance (or resistivity) of the wire, which is the 
same for both wires. Therefore, the heat produced 
will be same in the second wire of length 2 /, if its 
area of cross-section A is doubled. Hence the correct 
choice is (c). 

33. Let the three resistances be X, 2 X and Y. Then X and 
2 X connected in parallel are equivalent to a single 

2 

resistance /?. = — X. 

1 3 

4I 1 1 31, 

Also, — + — = 1 or - + — = 1 

R l Y 2 X Y 


The minimum volume of X which satisfies the given 
condition is X = 3. Hence Y = 2. Three resistances 
are, therefore, 2, 3 and 6 Cl. Hence the correct choice 
is (b). 

34. Potential difference across a wire of length / is 

A 





Electric field E = 


V Ip 0.5 x 1.8 x 10 -8 

7 ~ T 1+^ 


= 0.009 Vm 1 


Hence the correct choice is (d). 


35. Total resistance = 80 + 


80x80 

160 


current in the circuit is 


120 Cl. Therefore, 


/ = — = 0.02 A 
120 

.*. Current through galvanometer 7„ = 0.01 A, which 
is choice (d). 
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36. Let the new value of R be R' so that / becomes /', 
= 0.005 A. Then the total resistance in the circuit 
becomes 

0/ 80x80 _ 

/?' + - = /?' + 40 


160 


Now 


„ _ 2.4 

g 2(P' + 40) 


2.4 


But /',= 0.005 A. Therefore, 0.005 = - 

4 2 (/?' + 40) 

=> R' = 200 Q. Hence the correct choice is (b). 

37. The current in the circuit is 

(fl + r) 

Therefore the power output of the device is given by 


p =i 2 r= -EE 


(R+,-y 


(i) 


For given values of E and r, power output P will 
be maximum if ciPidR = 0 and d 2 PldR 2 < 0. 
Differentiating (i) with respect to R we get (with E 
and r fixed) 


dP 


1- 


2 R 


dR (R + rY l (R + r) 


(ii) 


Now dP/dR = 0 if 

l--™--0 
(R + r) 

which gives R = r. Thus, P will be either maximum 
or minimum when R = r. To decide whether P is 
maximum at R = t\ we find d~P/dR~ at R = r. If its 
value is negative, P will be maximum. Differen¬ 
tiating (ii) we have 


d 2 P 

dR 2 


2E‘ 


(R + r) 


3 R 


{(R + r) 


-2 


( j2 r» \ 


cPP_ 

dR 2 


'at R = r 


8 r 


which is negative. Hence P is maximum when R 
38. Putting R = r in Eq. (i) above we get 


= r. 


P 

1 max 


4 r 


Hence the correct choice is (d). 

39. When the battery is shorted, it cannot deliver any 
current in resistor R. Hence the power output of 


the device becomes zero. The current through the 
battery, in this case is E/r and the power dissipated 
inside the battery is 


(current) - x resistance = 


(E\ 


V r ) 


2 E 2 
x r = — 


40. We have seen above that the rate of heat production 
in resistor R is maximum when R = r, the internal 
resistance of the battery. Hence R = 4 Q. The total 
resistance = /• + /? = 4 + 4 = 8 O. 


Current = 


emf 24 

- ; - = — = 3 A 

total resistance 8 


Hence the correct choice is (c). 

V 2 V 2 (200) 2 

41. Power P = — or R = — = --— = 400 Q is 

R P 100 

the resistance of the filament of the bulb. The total 
energy produced in time / = 20 x 60 = 1200 s when 
the voltage drops to V' is 

= vy+ = (100) 2 x 1200 
R 400 

= 3 x 10 4 J = 30 k J 

Hence the correct choice is (c). 

42. P= 100 MW = 100 x 10 6 W. Let R be the resistance 
of the cable. At 20,000 V, the current in the cable is 


A = 


100 x 10 ( 


= 5000 A 


20,000 

Power dissipated is 

P, =l\R = (5000) 2 R = 2.5 x 10 7 R 
At 200 V, the current in the cable is 


h = 


100 x 10 


= 5 x 10 5 A 


200 

Power dissipated is 

— D _ 


P 2 = l\R = 2.5 x 10 11 R 


= 2.5 X10 11 = 4 

P 2.5 xlO 7 


Hence the correct choice is (a). 

43. Current in the circuit due to 6 V battery is 

/ = — 


--- = — A 

1+5+2 4 


Now emf of cell C = potential difference across AD 

= L^=0.9V 

4 100 
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„ q «iW = e*, + e*, , 

y 2 y 2 y 2 


Hence the correct choice is (b). 

53. When the two heaters are connected in parallel, the 
resistance of the combination is given by 

/? 


— + _L 

ll ~R. 


Now 


and 


Also 


'i 

h 

1^ 

t 


QR . 


or 2 


V 


O 


1 1 ^ 

— + — 


V*. 


/? 


2 ) 




/ 




or 


,= '■* 


(/i+' 2 ) 

Hence the correct choice is (c). 


54. Current due to E, is 


/ = 


1 _ 


E + 60 E + 60 


0) 


.\ Potential drop across R = JR. Since there is no 
current due to E 2 , 

IR =E 2 = 1 

I = MR. Using this in Eq. (i) we get 

1 - 4 
R R + 60 

which gives E = 20 Q. Hence the correct choice is 
(b). 

55. Circumference of the circle = 2 nr. Therefore, the 
resistance per unit length of the wire = R!2nr , where 
E = 4 Q is the resistance of the wire. Now, the length 
of the specimen connected along the diameter = 2 r. 
Therefore, the resistance of this specimen is 


*1 = 


R _ R 

- x2r= — 

2k r k 


Also, the resistance of each semicircle is 


R 


R~> = — 


.*. Equivalent resistance R' across the specimen is 
given by 

1 2 2 n _ 4 + /r 

R' R R R~ R 


or 


R' = 


R 


4 + 7t 4 + /r 


Cl 


56. From Kirchhoff’s first law, the current in branch PQ 
= 2 + 2 = 4 A and in branch QR the current = 4 A - 1A 
= 3A. Hence current / = 3A- 1.3 A = 1.7A. Thus the 
correct choice is (c). 

57. Original resistance R = — . If L' is the length of the 

A 

elongated wire and A' its cross-sectional area, the 
new resistance will be 

R’-f* 

A' 

T . , R' V A (L'\ 2 AL 

Therefore — = — x — = — x- 

R L A' \L) A'L' 

Given V = L + 10% of V = L + 0.1 L= 1.1 L. Since 

the volume of the wire cannot change, A'L ' = AL. 
Hence 

R' (L’\ 2 f\. llV L21 


R 


L 


L 


/ 


or R'= 1.21 R = 1.21 X 1 Q = 1.21 Q. Hence the 
correct choice is (c). 

58. Figure 12.92 shows the equivalent circuit which is 
a balanced Wheatstone's bridge. Hence resistance 
R between points P and Q is ineffective. Thus the 
effective resistance between terminals A and B is the 
resistance of a parallel combination of two resistors, 
each of value R + R = 2R. Thus, 


R 


■UR 


A • 


R 


R 


B 


R 


R 


R, 


ff 


O 

Fig. 12.92 

111 „ 

— + — = — or R eff = R 
2 R 2 R R 


Hence the correct choice is (a). 
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59. Current in the main circuit is / = 


12V 

3 Q + 6 Cl + 1 n 


= 1.2 A 

.*. Potential difference across AB is 

V AB = 12-1.2 x 1 = 10.8 V 
Also, potential difference across AD is 
V AD = 6 x 1.2 = 7.2 V 
Effective capacitance is 


^ = i x2 = 2 2 x10 . 6f 

eff C, + C 2 1 + 2 3 3 


Since the capacitors are in series, charge Q is the 
same and is given by 


Q ~ ^AB X ^eff - X T x 


-6 


= 7.2 x 10" 6 C 


Therefore, potential difference across AC is 


V AC = — = x 1 °~ 6 - 3 6 y 


c 


2 x10' 


Potential difference between points C and D is 
y CD = ^ad - ^ac = 7-2 - 3.6 = 3.6 V 
Hence the correct choice is (a). 

60. The upper pail of the circuit is a balanced Wheatstone’s 
bridge. Hence resistance R between CD is ineffective 
as no current will flow' in this branch. The circuit, 
therefore, reduces to three parallel branches having 
resistance R,R + R and /? + /?, i.e. R , 2 R and 2 R. The 
effective resistance R 'is given by 

J_ = J_ _l _L 

R' R 2 R 2 R 


ft 

which gives R' = — . Hence the correct choice is (a). 

2 


61. For series connection x = nR. For parallel connection 

R R i 

y = — . Therefore xy = nR x — = R~. Hence the 
n n 

correct choice is (c). 


62. Given- 1 - 1 - 1 - 1 -= — 

*. *2 *n-\ R n X 

If the / 7 th resistor is removed, then 


11 11 

— + — + ... +-= — 

^2 -1 y 


(i) 


( 2 ) 


Subtracting (2) from (1), we have 

11 1 

R n x y 


xy 

which gives R n = -—-— which is choice (b). 

O'-*) 

63. Let m cells be connected in series and n such groups 
are connected in parallel. If the emf of each cell is E 
and internal resistance r, then the total emf of m cells 
in series in mE and the total internal resistance is 
mr. When n such groups are in parallel, the effective 
internal resistance is mr/n. Then the current through 
an external resistance R is 



mE 


R + 


mr 


n 


mnE 
nR + mr 


mnE 


[yfnR - yfmr^j +2 \lmnRr 



Now, / will be maximum if the denominator is the 
minimum, i.e. if nR = mr. Given R = 3 Q and r = 1 Q. 


Using these values, we have 3/7 = //?. But mn = 48 
(given). Therefore m ^ m = 48, which gives m = 
12. Thus n = 4. Hence the correct choice is (b). 


64. Substituting the values of nu n, r and E in (1) above, 
we have 



12x4x2 

- = 4 A 

4x3+12x1 


Hence the correct choice is (d). 

65. The given circuit is a Wheatstone’s bridge. The 
current through the galvanometer will be zero if the 
bridge is balanced, i.e. if 

— + — w'here f = 2 + 3 = 5 Q, Q = 10 Q and R = 
Q S 

4 Q. The value of 5 is given by 

_5__ 4 
10 ~~ S 

or S = 8 Q. Thus the effective resistance of the 
parallel combination of 12 Q and x ohm must be 8 Q. 
Therefore 

_L I-I 

12 8 

which gives x = 24 Q. Hence the correct choice is (d). 

66 . Since the seven resistances are in parallel, the 
effective resistance is R = 70/7 = 10 Q. Therefore, 
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CD. Therefore, current in the 4 Q. resistor = 0.25 A 
which is choice (d). 

75. The given network of resistances is a balanced 
Wheatstone's bridge. Therefore, no current flows 
through the 6 Q resistor and it can be omitted. The 
equivalent resistance of the network is that of a 
parallel combination of/?, = /? + /? + /? = 3R and R 2 
= /? + /? + 4/? = 6/? which is 


R' = 


/?,/?, 


,iV 2 _ 5/? x 6 R 


R\ + R 2 


3R + 6R 


Now refer to the solution of Question 37. The power 
delivered will be maximum if the resistance of the 
emf source = external resistance, i.e. if 
4Q = /?' = 2/? 

or /? = 2Q, which is choice (b). 

76. In the steady state, no current flows in the branch 
containing the capacitor. Thus, the current, say /, 
flows in the branches containing R and 2 R. Applying 
Kirchhoff’s second rule to the loop abedefa, we have 
(see Fig. 12.96) 

2V-I(2R)-IR- V=0ovl= — 

3 R 


v 


i 


i 

c 


I i 
d 


R 

A/vW 


V 


+ / 
f 


2V 
h 


2 R 

A/VW 


+ / 

e 


Fig. 12.96 

.*. Potential drop across capacitor 


= 2V- V-I(2R)= V- 


V_ 
3 R 


x 2R 


2V V 

= V -= — , which is choice (c). 

3 3 

77. The heat energy generated in time Ms Q = V 2 t/R, 
where Fis the terminal voltage of a single cell. Here 
O = ms AT where m is the mass of the wire, s its 
specific heat and R its resistances. 


T t (3 Vft 

In the first case: msAF= - 

R 


(1) 


Now m oc length and R length. 11 cnee, in the second 

case, _ 

a / 

( 2 ) 


(2m) sAT - ^ NV ^ 1 


(2 R) 


Dividing (2) by (1), we have 


2 = 


N 2 /2 


or = 36 or = 6, which is choice (b). 


78. Since no current flows through /? 6 , resistances /?,, 

/? 2 , /? 3 and /? 4 constitute the four arms of a balanced 

Wheatestone’s bridge. Hence 
R l= R 1 

R2 R4 


— = —=- or /?, R 4 = R 2 /? 3 


Thus the correct choice is (c). 
79. Refer to Fig. 12.97 

2 R t= 2 R 


2 R 


B 


P • 


r 


r 

.A A 


• o 


2 R 

2 R 2 R 

\AAAr -1-VWV 

G 

=> 


D 


4 R 


B 


2 r 


P • 


• Q 


4 R 

Fig. 12.97 


D 


The branches ABPQ and PQCD are a balanced 
Wheatstone’s bridge. Therefore, resistances (each 
equal to 2 R) between E and F and between F and 
G do not contribute and the circuit simplies to the 
one shown in the figure. The effective resistance R c 
between P and Q is given by 


1 


I I I 

+ — + 


R e 4 R 2 r 4 R 


, . , . ^ 2 Rr 

which gives R ( , = - -- 

is (a). (* + ’■) 


. Hence the correct choice 


80. The resistances of bulbs B ,, B 2 and B 2 respectively 


are 


V 2 (250) 2 

K \ ~ 


= 625 Q 


W, 


100 
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R, = ^ 25 °^ - = 1042 Q 
60 

Voltage across B 3 is V 3 = 250 V 


= R- 


Voltage across B { is V { = 


Vll 


250 x 625 


(R { +R 2 ) (625 + 1042) 


= 93.7 V 


Given v = 5 mV = 5 x 10 3 V. Hence, we have 

5 x I0~ 3 =- 

(R + 5) 

which gives R = 195 Q, which is choice (c). 

85. A voltmeter is a galvanometers having a high 
resistance connected in series with it. The current 
through the galvanometer is 


Voltage across B 2 is V 2 = 250 - 93.7 = 156.3 V 

V 2 (93 7) 2 

Power output W, = -*- = ^ - — = 14 W 

/?, 625 


IV 2 = 


- < 15 °> . 23 w 


1042 

k 2 


w = = 60 W 

1042 


Hence W l < W 2 < which is choice (d). 

81. The condition for no deflection of the galvanometer 
is 


8 300Q 60 

An ammeter is a galvanometer having a low 
resistance connected in parallel with it. The shunt 
resistance S is determined from 

^ = s 
I G + S 

where G = 300 Q (given). For / = 5 A, we have 

1/60 _ S 
5 300 + S' 


*L = *AC 

R 2 R C b 


or 299 S = 300 or S = 300/299 = 1 Q. Hence the 
correct choice is (b). 


where R AC and R CB are the resistances of the bridge 
wire of length AC and CB respectively. If the radius 
of the wire AB is doubled, the ratio R AC /Rc b w iH 
remain unchanged. Hence the balance length will 
remain the same. Thus, the correct choice is (b). 

82. Let R be the value of each resistance. The resistances 
of combinations I, II, III and IV are 3 R, R/ 3, 2R/3 
and 3R/2 respectively. Now, power dissipation is 
inversely proportional to resistance. Hence the 
correct choice is (b). 

83. The voltmeter must be connected in parallel with the 
resistor and the ammeter must be connected in series 
with the resistor. Hence the correct circuit is (a). 


86. — = -—— . Here R = 10 Q. /, = 560 cm and /-> = 
R l 2 1 2 

560 - 60 = 500 cm 


/ 


r = Rx 


l\-l 2 




= lOx 


( 560 -500 
l 500~ 


= i.2 n 


Hence the correct choice is (c). 

87. The resistance of a conductor of length /, cross- 
sectional area A and made of a material of resistivity 
p is given by 

A Al \V) 


84. Current in the circuit is / = - = -. 

(/? + /') (R + 5) 

Therefore, the potential difference across the 


potentiometer wire of length L = 100 cm is 


V = Ir= - x 5 = - volt 

(R + 5) (R + 5) 


.*. Potential difference across /= 10 cm of the wire is 


Vxl 10 10 1 

v = -=-x-=-volt 

L (/? + 5) 100 (R + 5) 


where V = Al is the volume of the conductor. 
Since p is a constant and volume V cannot change 
if the conductor is stretched, it follows that R is 
proportional to I 2 . Thus if / is doubled, R becomes 
four times. Hence the new resistance is 3 x 4 = 12 Q. 
So, each side of the equilateral triangle has a resis¬ 
tance of 4 Q as shown in Fig. 12.98. Therefore, the 
effective resistance between the ends of any side of 
the triangle (such as side AB) is equal to the resistance 
of a parallel combination of R j = 4 Cl and R 2 = 4 + 4 = 
8 Q. which is given by 
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r = pL = p±L = k ? (i) 

A m 

where k = p dim is a constant of the wire. Taking 
logarithm of both sides of (1) we have 

log R = log k + 2 log / 

Differentiating 

SR 2SI _2Sl 

R l ” / 

Given — = 0.1%. Therefore, = 2 x 0.1% = 
/ R 

0.2%. Thus, the resistance of the wire increases by 
0.2%, which is choice (b). 

94. The resistance between points A and E is given by 

1 _ 1 1 
R ae 6 6 

by giving R AE = 3 Q. The network reduces to that 
shown in Fig. 12.101 (a). Similarly the resistance A 
between points A and D in Fig. 12.101 (a) is R AD = 
3 Cl. The network reduces to that shown in Fig. 12.101 
(b). It follows from this figure that the resistance 
between points A and C is R AC = 3 O. The network 
simplifies to that shown in Fig. 12.101 (c). Clearly 
the effective resistance between points A and B is 
2 Cl. So, the correct choice is (b). 



95. Let the internal resistance of each battery be r. Let R 
be the unknown resistance and G be the resistance of 
the galvanometer. Let E be the cmf of each battery. 
When the batteries are connected in series, the total 
emf =2E=2x 1.5 = 3 V and total internal resistance 
is 2 r. The current in the circuit will be 



R + G + 2 r 


Given / = 1 A. Therefore 


R + G + 2r 


When the batteries are connected in parallel, the total 
emf = E = 1.5 V and the total internal resistance is 
r/2. Hence the current in the circuit will be 


/? + G + ~ 
2 

Given /' = 0.6 A. Therefore, 


0.6 


1.5 


/? + G + - 
2 


or R + G = 




From Lqs. (1) and (2), we have 

3-2r =2.5- - 
2 

which gives r = ^ ohm, which is choice (d) 

96. When the key K is inserted, the current starts growing 
and after some time it acquires a steady value. At 
this stage, no current flows through the capacitor 
(because an ideal capacitor offers an infinite 
resistance to a steady current). All the current flows 
through the inductor (because an ideal inductor offers 
zero resistance to a steady current). Now, the network 
of resistors is a balanced Wheatstone's Bridge. 
Hence, no current flows through the resistance 2 R. 
Therefore, this resistance can be ignored. The net 
resistance between points X and Y= resistance of the 
parallel combination of 2 R and 2 R 

= 2Rx2R _ R 
~ (2/e + 2/D 

E + E 2 E 

Current in the circuit is /=-=- 

R + r A + r B R + r A + r B 


Terminal voltage of cell A is V A - E- Ir A . V A = 0, if 


E-Ir A =0 = 
is choice (a). 


E = 


2 E r 


A 


R + r A + r B 


R = r A - r B , which 


97. Resistance of each bulb is R = 


(200V 

500 


= 80 Cl. When 


the bulbs arc connected in series to a 100 V source, 
the potential difference across each bulb is V= 100/2 
= 50 V. Therefore, power generated in each bulb is 


P = 


V 


R 


(so y 

80 


= 31.25 W 


or R + G = (3 - 2 r) 



Hence the correct choice is (b). 


Copyrighted material 



Current Electricity 12.4 7 


9. In branch bd , the current / 3 is 

(a) 0.3 A flowing from b to d 

(b) 0.3 A flowing from <7 to b 

(c) 0.1 A flowing from b to d 

(d) 0.1 A flowing from d to b. 

10. The total resistance of the network is 
(a) 8.0 Q (b) 8.5 D. 

(c) 17 Q (d) 17.5 Q 

Solutions 

9. Applying Kirchhoflf’s junction rule to junctions a , b 
and d, we have 



I -I\+ ly ^4 ~ I \ ~ und / 3 — I 2 + Iy 


Applying KirchhofF’s loop rule to loops abda, bedb 
and adeefa , we get 


10 /, + 5 / 3 — 5 / 2 = 0 


or 

4=2 /,+/ 3 

(i) 


5(/ 1 -/ 3 )-10(/ 2 + / 3 )-5/j = 0 


or 

4-24=44 

(ii) 

and 

5 / 2 + 10 (I 2 + / 3 ) - 8.5 + 10(7, + 1 2 ) = 0 


or 

2/| + 5/ 2 + 2/ 3 = 1.7 

(iii) 


Solving Eqs. (i), (ii) and (iii) we get 7, = 0.2 A, 

/ 2 = 0.3 A and / 3 = - 0.1 A. Since /1 and I 2 are 
positive, their directions are correct. But the sign of 
/ 3 is negative which indicates that the direction / 3 
should be from d to b and not from b to d. The correct 
choice is (d). 


10. Total current is /= /, + / 2 = 0.2 + 0.3 = 0.5 A. Hence 
the total resistance of the network is 



875 

0.5 


17 Q 


So the correct choice is (c). 


Questions 11 to 14 are based on the following passage. 


Passage IV 

Figure 12.106 shows a part of the circuit in the steady 
state. The currents, the values of resistances and emfs of 
the cells are shown in the figure. The circuit also contains 
a capacitor of capacitance C = 4 |iF. 


-1A 


4 v 312 

^AAAAA- 

2A 


312 

A 512 ; 

——VW\A-*n E 


4 MF 


IQ 


3V 


112 


—Ih^AAAAA 

2A 


B 212 /2 0 


AAAAA —/ 3 

412 


312 


A A 


Fig. 12.106 

11. The value of current /, is 


(a) 1 A 

(b) 2 A 

(c) 3 A 

(d) 4 A 

The value of current i 2 is 


(a) 1 A 

(b) 2 A 

(c) 3 A 

(d) 4 A 

The value of current / 3 is 


(a) 1 A 

(b) 2 A 

(c) 3 A 

(d) 4 A 


14. The energy stored in the capacitor is 

(a) 2 x 10“ 4 J (b) 4 x 10 4 J 

(c) 6 x 10 -4 J (d)8xlO^J 


T7-4 Solutions 


11. Applying KirchhofF’s junction rule to junction A , we 
have /j = 2 4- 1 = 3 A, which is choice (c). 

12. At junction #,/->+ 1=2 or i 2 = 1 A, which is choice 
(a). 


13. At junction D, /, = i 2 + / 3 => / 3 = i x - i 2 = 3 - 1 = 2 A. 
So the correct choice is (b). 

14. Potential drop along AEDB is given by 
V = 5 /j + 1 /, + 2 / 2 

= 15 + 3+2 = 20 V 

.*. Potential difference across the capacitor C = 20 V 

1 2 

Energy stored in the capacitor = — CV 

= - x4 x 10 6 x (20) 2 = 8 x 10 4 J 
Thus the correct choice is (d). 
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= (3) 2 x 4 : (2) 2 x 6 : (l) 2 x 12 
= 36:24: 12 = 3 :2: 1 

Thus energy (7=3.6 J stored in the capacitor is distributed 
among resistors R 2 and R 3 in the ratio 3:2: 1. 

3.6x3 

18. P, = —-— = 1.8 W, which is choice (a). 


19. P 2 = 


20. P 3 = 


3.6x2 

6 

3.6x1 


= 1.2 W, which is choice (d). 
= 0.6 W, which is choice (c). 


21. Since no current flows through R 4 , P 4 = 0, which is 
choice (d). 


3 

Assertion-Reason Type Questions 

SECTION 


In the following questions, Statement-1 (Assertion) is 
followed by statement-2 (Reason). Each question has the 
following four choices out of which only one choice is 
correct. 

(a) Statement-1 is True, Statement-2 is True; Statement-2 
is a correct explanation for Statement-1. 

(b) Statement-1 is True, Statement-2 is True; Statement-2 
is NOT a correct explanation for Statement-1. 

(c) Statement-1 is True, Statement-2 is False. 

(d) Statement-1 is False, Statement-2 is True. 

1. Statement-1 

Figure 12.109 shows the current-voltage (/- V) graphs 
for a given metallic wire at two different tempera¬ 
tures T, and 7’ 2 . It follows from the graphs that T 2 is 
greater than T { . 



Fig. 12.109 


Statement-2 

The resistance of a metallic conductor increases with 
increase in temperature. 

2. Statement-1 

Two bulbs of 60 W and 100 W are connected in 
series and this combination is connected a d.c. power 
supply. The potential difference across the 60 W bulb 
is higher than that across the 100 W bulb. 

Statement-2 

In a series combination, the potential difference 
across a bulb is proportional to its resistance. 


3. Stateinent-1 

A 60 W bulb is connected in scries with a room 
heater and this combination is connected across the 
mains. If the 60 W bulb is replaced by a 100 W bulb, 
the heat produced by the heater will be more. 

Statement-2 

The heat produced is inversely proportional to 
resistance when the resistances are connected in 
series across the mains. 

4. Statement-1 

A 60 W bulb is connected in parallel with a room 
heater and this combination is connected across the 
mains. If the 60 W bulb is replaced by a 100 W bulb, 
the heat produced by the heater will remain the same. 

Statement-2 

When resistance are connected in parallel across the 
mains, the heat produced is inversely proportional to 
the resistance. 

5. Statement-1 

If an electric field is applied to a metallic conductor, 
the free electrons experience a force but do not 
accelerate; they only drift at a constant speed. 

Statement-2 

The force exerted by the electric field is completely 
balanced by the Coulomb force between electrons 
and protons. 

6. Statement-1 

The drift speed of electrons in metals is small (of the 
order of a few mm s~') and the charge of an electron 
is also very small (= 1.6 x 10 19 C), yet we can 

obtain a large current in a metal. 

Statement-2 

At room temperature, the thermal speed of electrons 
is very high (about 10 times the drift speed). 
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7. Statement-1 

A wire carrying a current has no electric field around 
it. 

Statement-2 

A wire carrying current stays electrically neutral 
because rate of flow of electrons in one direction 
equals the rate of flow of protons in the opposite 
direction. 

8. Statement-1 

In the metre bridge experiment shown in 
Fig. 12.110, the balance length AC corresponding 
to null deflection of the galvanometer is x. If the 
radius of the wire AB is doubled, the balanced length 
becomes 4 x. 



Fig. 12.110 


Statement-2 

The resistance of a wire is inversely proportional to 
the square of its radius. 

9. Statement-1 

In the potentiometer circuit shown in Fig. 12.111, Zs, 
and E 2 are the emfs of cells C x and C 2 respectively 
with £, > E 2 . Cell C, has negligible internal 
resistance. For a given resistor R , the balance length 
is x. If the diameter of the potentiometer wire AB is 
increased, the balance length x will decrease. 



Fig. 12.111 

Statement-2 

At the balance point, the potential difference between 
AD due to cell C x = E 2 , the emf of cell C 2 . 


10. Statement-1 

In the potentiometer circuit shown in Q.9 above, the 
wire AB is not changed but the value of resistor R is 
decreased. Then the balance length x will decrease. 

Statement-2 

At the balance point, the potential difference 
between A and D due to cell C, = emf E 2 of cell C 2 . 

Solutions 

1. The correct choice is (a). From Ohm’s law, the 
slope of the I - V graph gives the reciprocal of the 
resistance of the wire. Since the slope of the graph is 
smaller at temperature T 2 , the resistance of the wire 
is greater at temperature T 2 than at temperature T x . 
Hence T 2 is greater than T x . 

2. The correct choice is (a). Since the bulbs are 
connected in series, the current in each is the same. 
Therefore, the potential difference across a bulb will 
be proportional to its resistance R. Now R oc \/p y 
where P is the power. Hence the 60 W bulb has a 
higher resistance than the 100 W bulb. 

3. The correct choice is (c). The resistance (/?|) of the 
60 W bulb is higher than resistance (Z? 2 ) of the 100 
W bulb. If R is the resistance of the heater and Fthe 
voltage of the mains, the currents through the 60 W 
bulb and 100 W bulb respectively are 

V V 

/, = - and /-> = - 

/? + /?, “ R + R 2 

Since R x > R 2 : / 2 > /,. Since the heater and the bulb 
are connected in series, the current through the bulb 
= current through the heater. Now, heat produced by 
the heater is proportional to the square of the current 
flowing through it. 

4. The correct choice is (a). When a bulb and a heater 
a connected in parallel and this combination is 
connected across the main, potential difference 
across each is the same equal to the voltage V of the 
mains, irrespective of the resistance of the bulb. If/? 
is the resistance of the heater, the rate at which heat 
is produced will be V~/R in both cases. 

5. The correct choice is (c). The electrons suffer a large 
number of collisions with the positive ions of the 
conductor. Although the electric field accelerates an 
electron between two collisions, it is decelerated by 
collision. The net acceleration averages out to zero 
and the electron acquires a constant average speed. 
The gain in speed between collisions is lost in the 
next collision. 
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temperature difference that can be detected by this 
system is 

(a) 16°C (b) 12°C 

(c) 8°C (d) 20°C 120031 

7. An ammeter of resistance 0.81 Q reads currents up 
to 1 A. To increase the range to 10 A, the value of the 
required shunt is 

(a) 0.03 Q (b) 0.3 Q 

(c) 0.9 Q (d) 0.09 Q |2003] 

8. A 3 V battery of negligible internal resistance is 
connected in a circuit as shown in the figure. The 
current I in the circuit will be 

/ A 


B C 

(a) 1 A (b) 1.5 A 

(c) 2 A (d) j A 12003] 

9. A 220 V, 1000 W bulb is connected across a 110 V 
mains supply. The power consumed will be 
(a) 750 W (b) 500 W 

(c) 250 W (d) 1000W 120031 

10. The length of a given cylindrical wire is increased 
by 100%. Due to the consequent decrease in the 
diameter of the wire, the change in its resistance will 
be 

(a) 200% (b) 100% 

(c) 50 % (d) 300 % |20031 

11. The current I in the network shown in the figure is 

(a) 1 A (b) 2 A 

(3) 4 A (d) 6 A 12004] 



12. The resistance of the series combination of two 
resistances is S. When they adre joined in parallel, 
the total resistance is P. If 5= nP, then the minimum 
possible value of// is 
(a) 4 (b) 3 

(c) 2 (d) 1 |2004) 


13. An electric current is passed through a circuit 
containing two wires of the same material, connected 
in parallel. If the lengths and radii of the wires are in 
the ratio of 4/3 and 2/3 respectively, the ratio of the 
currents in the wires will be 


(a) 3 

0»- 


<•>! 

<d) 2 

[2004] 


14. In a metre bridge experiment, the null point is 
obtained at 20 cm from one end of the wire when 
resistance X is balanced against another resistance Y. 
MX < Y , then where will be the new' position of the 
null point if one decides to balance a resistance of 
4 X against Y1 

(a) 50 cm (b) 80 cm 

(c) 40 cm (d) 70 cm [2004] 

15. The thermistors arc usually made of 

(a) metals with high temperature coefficient of 
resistivity 

(b) metals with low temperature coefficient of 
resistivity 

(c) metal oxides with high temperature coefficient of 
resistivity 

(d) semiconducting materials having low temperature 

coefficient of resistivity. [2004] 

16. The thermo emf of a thermocouple varies with 
temperature 0 of the hot junction as E = ad + h0~ (in 
volts) where the ratio alb = 700°C. If the temperature 
of cold junction is 0°C, the neutral temperature of the 
thermocouple is 

(a) 700°C 

(b) 350°C 

(c) 1400°C 

(d) No neutral temperature is possible of this 

thermocouple. [2004] 

17. A moving coil galvanometer has 150 equal divisions. 
Its current sensitivity is 10 divisions per milliampere 
and voltage sensitivity is 2 division per millivolt. In 
order that each division reads 1 V, the resistance (in 
£2) needed to be connected in series with the coil will 
be 

(a) 10 3 (b) 10 5 

(c) 99995 (d) 9995 |2005] 

18. In the circuit shown in the figure, the galvanometer 
G shows zero deflection. If batteries A and B have 
negligible internal resistance, the value of resistor R 
is 

(a) 200 Q (b) 100 Q 

(c) 500 Q (d) 1000 Q |20051 
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19. Two sources of equal emf arc connected in 
series across an external resistor R . The internal 
resistances of the two sources are R { and R 2 
(R 2 > R j). If the potential difference across the source 
having internal resistance R 2 is zero, then 


^2(^1 + ^2) 

( a )*= (^ 2 -/?,)' (b )R = R 2 -R< 


(C )R = 


R2 

(R,+R 2 ) 


(d )R = 


^1 ^2 
(*2"*l) 


|2005] 


20. A heater coil is cut into two equal parts and only 
one part is now used in the heater. The rate of heat 
generation now will be 

(a) doubled (b) four times 

(c) one-fourth (d) halved |2005] 

21. In a potentiometer experiment, the balancing length 
with a cell is 240 cm. On shunting the cell with a 
resistance of 2 Q. the balancing length becomes 120 
cm. The internal resistance of cell is 

(a) 1 O (b) 0.5 n 

(c) 40 (d)2 0 |2005] 

22. The resistance of hot tungsten filament of a bulb is 

about 10 times the cold resistance. What will be the 
resistance of 100 W, 200 V bulb, when not in use? 
(a) 40 Q (b) 20 Q 

(c) 400 Q (d) 200 Q [2005] 

23. A material ‘FT has twice the resistivity of ‘A’. A 
circular wire made of k B' has twice the diameter of 
a wire made of ‘A’. Then for the two wires to have 
the same resistance, the ratio l B H A of their respective 
lengths must be 


,a,i 

(b) 2 


(c) 1 

(d)i 

]2006] 


24. The Kdrchhoff's first law (Li = 0) and second law 
(1/7? = LE ), where the symbols have their usual 
meanings, are respectively based on 

(a) conservation of momentum, conservation of 
charge 


(b) conservation of charge, conservation of energy 

(c) conservation of charge, conservation of 
momentum 

(d) conservation of energy, conservation of charge 

]2006] 

25. A thermocouple is made from two metals, Antimony 
and Bismuth. If one junction of the couple is kept hot 
and the other is kept cold, then, an electric current 
will 

(a) not flow through the thermocouple 

(b) flow from Antimony to Bismuth at the cold 
juction 

(c) flow from Antimony to Bismuth at the hot 
junction 

(d) flow from Bismuth to Antimony at the cold 

junction |2006| 

26. In the circuit shown in the figure the current I drawn 
from the 5 volt source will be 

(a) 0.67 A (b) 0.17 A 

(c) 0.33 A (d) 0.5 A [2006] 


10Q 



27. In a Wheatstone’s bridge, three resistances P , Q and 
R are connected in the three arms and the fourth arm 
is formed by two resistances S x and S 2 connected in 
parallel. The condition of the bridge to be balanced 
will be 


P R(S x +S 2 ) 
Q~ 2S x S 2 


P _ 2 R 

0~ S x +S 2 



R 

s \ +^2 


P _ R(S X + 

Q~ s x s 


[2006] 

28. The resistance of bulb filament is 100 Q at a 
temperature of 100°C. If its temperature coefficient 
of resistance be 0.005 per °C, its resistance will 
become 200 Q at a temperature of 

(a) 500°C (b) 200°C 

(c) 300°C (d) 400°C |2006| 
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29. An electric bulb is rated 220 volt - 100 watt. The 
power consumed by it when operated on 110 volt 
will be 

(a) 25 watt (b) 50 watt 

(c) 75 watt (d) 40 watt 12006] 

30. The resistance of a wire is 5 ohm at 50°C and 6 ohm 

at 100°C. The resistance of the wire at 0°C will be 
(a) 2 ohm (b) 1 ohm 

(c) 4 ohm (d) 3 ohm [2007] 


33. A 5V battery with internal resistance 2 Q and a 2V 
battery with internal resistance 1 Cl are connected to 
a 10 Q resistor as shown in the figure. The current in 
the 10 Cl resistor is 


2 V 
1 LI 



Directions: Questions No. 31 and 32 are based on the 
following paragraph. 

Consider a block of conducting material of resistively k p' 
shown in the figure. Current 7' enters at 7T and leaves 
from ‘D’. We apply superposition principle to find voltage 
‘A \ r developed between ‘/T and ‘C\ The calculation is 
done in the following steps: 

(i) Take current 7’ entering from and assume 
it to spread over a hemispherical surface in the 
block. 

(ii) Calculate field E(r) at distance V’ from A by 
using Ohm's law E = pJ. Where J is the current 
per unit area at V. 

(iii) From the V’ dependence of E(r). Obtain the 
potential V(r) at r. 

(iv) Repeat (i), (ii) and (iii) for current 7’ leaving ‘D' 
and superpose results for ‘ A ’ and ‘Z)\ 



31. AV measured between B and C is 


(1) 

pi 

(b) 

pl 

pi 

2 n(a - /)) 

na 

n(a + b) 

(0 

pi pi 

(d) 

pi 

pi 


a (a + b) 2 na 2 n(ab) 

12008] 

32. For current entering at A, the electric field at a 
distance V from A is 


(a) 


pi 


4 nr 1 


(O^ 


(b) 


(d) 


pi 


r 


8 nr 4 

pi 

2 nr 


|2008| 


(a) 0.03 A from P 2 to P, (b) 0.27 A from P, to P 2 
(c) 0.27 A from P 2 to P, (d) 0.03 A from P, to P 2 

12008] 

34. The figure shows a metre-bridge set up with null 
deflection in the galvanometer. 



The value of the unknown resistors R is 
(a) 55 Cl (b) 13.75 Cl 

(c) 220 Cl (d) 110 Q [2008| 

3 5. This question contains Statement-1 and Statement-2. 
Of the four choices given after the statements, choose 
the one that best describes the two statements. 
Statement 1: The temperature dependence of 
resistance is usually given as R = P 0 (1 + aAt). The 
resistance of a wire changes from 100 Cl to 150 
Cl when its temperature is increased from 27°C to 
227°C. This implies that a = 2.5 x 10 3 /°C. 
Statement 2: R = R 0 ( 1 + aAt) is valid only when 
the change in the temperature At is small and AR = 
(R - R 0 ) « R 0 . 

(a) Statement-1 is true, Statement-2 is true; 
Statement-2 is not the correct explanation of 
Statement-1. 

(b) Statement-1 is false, Statcmcnt-2 is true. 

(c) Statement-1 is true, Statement-2 is false. 

(d) Statement-1 is true, Statement-2 is true; 

Statement-2 is the correct explanation of 
Statement- 1. 12009] 

36. Two conductors have the same resistance at 0°C but 
their temperature coefficients of resistance are a, 
and a 2 , the respective temperature coefficients of 
their series and parallel combinations are nearly 
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37. A resistor */?’ and 2 pF capacitor in series is 
connected through a switch to 200V direct supply. 
Across the capacitor is a neon bulb that lights up at 
120V. Calculate the value of R to make the bulb light 
up 5 a after the switch has been closed. (log 10 2.5 
= 0.4) 

(a) 1.3 xio 4 Q (b)1.7x10 5 Q 

(c) 2.7 x 10 6 Q (d)3.3xl0 7 Q [2011] 


38. If a wire is stretched to make it 0.1% longer, its 
resistance will 

(a) increase by 0.05% (b) increase by 0.2% 

(c) decrease by 0.2% (d) decrease by 0.05% 

12011 ] 

39. Two electric bulbs marked 25W - 220 V and 100 W 
-220 V are connected in series to a 440 V supply. 
Which of the bulbs will fuse? 

(a) Both (b) 100 W 

(c) 25 W (d) Neither [20121 

40. Two large vertical and parallel metal plates having 

a sepration of 1 cm are connected to a DC voltage 
source of potential difference X. A proton is released 
at rest midway between the two plates. It is found to 
move at 45° to the vertical JUST after release. Then 
X is nearly 

(a) 1 x 10 5 V (b) 1 x 10 7 V 

(c)lxl0 9 V (d) 1 x 10 10 V 

| 2012 ] 


41. In an LCR circuit as shown below, both switches 
are open initally. Now switch S, is closed and S 2 
kept open, (q is charge on the capacitor and r= RC 
is capacitive time constant). Which of the following 
statement is correct? 



(a) At t = T, q = CV/2 

(b) At 1 = It, q = CV( 1 -e~ 2 ) 

(c) At / = r/2, q = CV( 1 -*?“') 

(d) Work done by the battery is half of the energy 

dissipated in the resistor. [2013) 

42. The supply voltage to a room is 120 V. The resistance 
of the lead wires is 6 Q. A 60-W bulb is already 
switeched on. What is the decrease of voltage across 
the bulb, when a 240-W heater is switched on in 
parallel to the bulb? 

(a) 2.9 V (b) 13.3 V 

(c) 10.04 V (d) 0 V 120131 

43. During an experiment with a metre bridge, the 
galvanometer shows a null point when the jockey 
is pressed at 40.0 cm using a standard resistance of 
90 Q, as shown in the figure. The least count of the 
scale used in the metre bridge is 1 mn. The unknown 
resistance is 



40.0 cm 

(a) 60 ±0.15 ft (b) 135 ±0.56 Q 

(c) 60 ±0.25 Q (d) 135 ±0.23 Q 

J7-5. Answers 


1. (d) 

2. (b) 

3. (b) 

4. (d) 

5. (c) 

6. (a) 

7. (d) 

8. (b) 

9. (c) 

10. (d) 

11. (c) 

12. (a) 

13. (b) 

14. (a) 

15. (c) 

16. (d) 

17. (d) 

18. (b) 

19. (b) 

20. (a) 

21. (d) 

22. (a) 

23. (b) 

24. (b) 

25. (b) 

26. (d) 

27. (d) 

28. (c) 

29. (a) 

30. (c) 

31. (b) 

32. (d) 

33. (a) 

34. (c) 

35. (b) 

36. (a) 

37. (c) 

38. (b) 

39. (c) 

40. (c) 

41. (b) 

42. (c) 

43. (c) 
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*2 

II 


(h] 

X 


K ^1 ) 


v ^2 > 


=2x2=4 


R 2 = 4/?,. Therefore percentage increase in 
resistance is 


' *2 - *1 


V 


R 


x 100 = 


l J 


4 R, -R 


R, 


x 100 =300% 


11. The circuit can be redrawn as shown in the figure. 
The resistance between A and B is 


2 n 



2x6 

*> = ^ + 1 - 5=3Q 
Resistance between C and D is 

3x3 


R ~ 


(3 + 3) 


= 1.5 Q 


V 6 

Current / =— = — = 4 A 
R 1.5 

12. Let /?, and R 2 be the two resistances. Then 

S = R ] + /G 


and 

Given 


R | + R 2 — n 


P ~ 


/?, R 


(Ri+R 2 ) 
S = nP. Hence 

‘ R\ r 2 ' 


V R\ + R 2 J 


(R l + R 2 ) 2 = nR l R 2 (1) 

Putting R^ + R 2 = S and R 2 = S - R { in (1) we get 
S 2 = nR x (S-R { ) 

r 


S 2 - nRtS + nRr = 0 


The two roots of this quadratic equation are 
I rCRt - 4nRf \ 2 

2 


5= ^±^[« 2 *i 2 - 4 »*i 2 ] 


nRt \fnR 


III V | 


+ 


(n - 4) 


1/2 


2 2 

S is real if n > 4. Hence the minimum value of n 
is 4. 


13. Since the wires are made of the same material, their 
resistivity p is the same. 

pL\ pL 2 


R> = 


Kr 


and R 2 = 2 

nr 2 


R- 


/?, 


i L A 

X 

v 



UJ 


vTi > 


If the wires are across a source of voltage V, 

V v 


7 i ~ R 


and / 2 = 


R- 


R- 


R~ 


'hP 


(r 2 \ 


X 


K L\ ) 


K r \ j 


Given 


'i 


X 

H. 7 = 


L 2 

A 

/ 

20 


4 t\ 2 

= — and — = — . Hence 




3 / ">^ 2 


= -X 

2 4 


2 

v 3 j 


1 

3 


20 

80 


= => Y= 4X 


100-20 

If / is new balance length with resistance 4X , 


4X 


/ 


Y (100-/) 
Putting Y = 4X , we get 

1 = 


/ 


/ = 50 cm 


( 100 -/) 

15. Thermistors are made of semiconductors having 
a high and positive temperature coefficient of 
resistivity. Pure semiconductors, such as germanium 
have a high temperature coefficient of resistivity 
but their resistivity decreases with increase in 
temperature, i.e. they have a negative temperature 
coefficient of resistivity. On the other hand, metal 
oxides are semiconductors having a high and positive 
temperature coefficient of resistivity. So the correct 
choice is (c). 

16. Neutral temperature 0 N is the value of 6 at which E 

dE 

is maximum, i.e. 6= 0 N if — = 0. 


dt 


dE_ _ d 
dt dt 


(a0+ b0) 2 = ct + 2b0 


dE 


Putting — = 0 and 6 = 0 N , we get 


dt 


— = -— = -350°C 
^ 2b 2 


No thermocouple has 0 N less than zero. Hence correct 
choice is (d). 
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17. Current for full scale deflection of 150 divisions is 
1 inA 


4 = 


10 


x 150= 15 mA = 15 x 10 -3 A 


Voltage for full scale deflection of 150 divisions is 
1 mV 


V M- 2 


x 150 = 75 mV = 75 x 10~ 3 V 


Resistance of galvanometer coil is 


G = — = 


y -7C v. in-3 


75x10' 


I g 15x10 


-3 


= 50 


If each division = 1 V, the required voltage for full 
scale deflection is 

L = 1 x 150 = 150 V 

Let R be the required resistance to be connected in 
series with G, then 

V = I g (R + G) 

=> 150= 15 x 10' 3 (fl + 5) 

=> R + 5 = 10000 => R = 9995 Q 

18. Since the current through the galvanometer is zero, 
the voltage across R is 

V= emf of battery B = 2 V (1) 

Now current through R is 

12 


/ = 


(500 + R) 


Voltage across /? = //? = 


12 R 


(500 + R) 


( 2 ) 


Equating (1) and (2) 


2 = 


12 R 


R= 100 Q 


(500 + R) 

19. The circuit can be drawn as shown in the figure. 


/ t 


E R 1 

\ i—vwv 


E R 2 

11—VWV 


B 


R 

VWV 


Total resistance of the circuit = R + R { + R 2 . Total 
emf = 2 E. 

The current in the circuit is 

2 E 


/ = 


/? + /?!+ R~> 


(1) 


Potential difference between points A and B is 


v a -v b =e-ir 2 


Given V A - V B = 0. Hence E - IR 2 = 0 which gives 


/ = 


R■ 


( 2 ) 


Equating (1) and (2), 

2 E 


/? + /?!+ R -> 
R — R — R \ 


R, 


20. Let R be the resistance of the complete coil. The rate 
of heat generation is 




v- 


R 


If the coil is cut into two equal parts, the resistance 
of each part = R/2. The rate of heat generation with 
one part is 


Pi = 


V 


Ri 2 


=2 


21. r = R 


22. P = 


V 


h _ h_ 

V h 
2 


= 2 x 


240 - 120 
120 


= 20 


R 


. When the bulb is burning, its filament will 


be hot and its resistance is 


R = 


P 


200 x 200 
100 


= 400 Q 


Resistance when the bulb is not in use, i.e. 


when the filament is cold = 


R 


23. p A = 


a \ 


K 


400 

10 

f 


= 40 a 


R 


B 


and p B = 


n 


cl 


2\ 
B 




■B 


Pa_ 

Pb 


l 


_ *A 


f 


R 


x 


B 


A 


\^B J 

R 


x 1 *- 


l 


or 


- - Pa x2i x 


l A p B R 


B 


cl 


A 

\2 


B 


= -xlx- =2 




24. K ire hh off’s first law is a statement of conservation of 
charge. It states that the sum of the currents entering 
a junction is equal to the sum of the currents leaving 
it, i.e. the charge must be removed from the junction 
at the same rate at which it arrives at it. 

The product iR is the potential difference 
across a resistor R. Since potential difference is 
defined as the amount of work done (or energy spent) 
in taking a unit charge from one end of the resistor 
to the other, Kirchhoff’s second law is a statement 


Copyrighted material 



Current Electricity 12 . 61 


SR 5/ 


R l 


= 2x().| % = 0.2% 


Proton 


p </£ 




Given 


Also 


440 V 


0 = 45°. Therefore, tan 45° = — 

mg 

qE = mg 
X 

E = —. Hence 
a 


Resistance of bulb B, is 


= nig 


*« = 


220x220 


Resistance of bulb B-, is 


220x220 

R,= - Q 

100 

(220 220 

R y +R 7 = 220 -+- 

1 l 25 10 


= 220 x 220 x — 
20 

= (220 x 11) Q 


440 2 40 

* Current 1 —- =— = -A 

.. current l 22Qxll n 22() 


Maxium current that bulb B, can withstand is 


j — — — _ a 

max V t 220 


Since / >/ , bulb B, will fuse. The maximum 


current through B 2 = which is greater than 


/= -A . Hence bulb B-, will not fuse. 

220 


OR qE 

40. tan 9 = — = — 
PQ mg 


X - 


mgd 


(1.67x10 -27 ) x 9.8 x (1 x 10” 2 ) 19 

1.6 xlO"' 9 

41. When 5 1 , is closed and S 2 is kept open, inductor L is 
not in circuit and we have R and C is series connected 
to a battery. If 5, is closed at t = 0, the charge on the 
capacitor at an instant of time / is given by 

q = q a {\-e-' ,x ) = CV(\-e^) 
where q 0 = CV 

is the charge on the capacitor when it is fully charged 
to the voltage V of the battery and t = RC = time 
constant. 

(a) At/= T,q = CV(\ - e~') 

(b) Mt = 2r,q = CV (1 - e 2 ) 

(c) At t= X ~ ,q = CV( \-e- m ) 

So the correct choice is (b). 

V 2 120x120 

42. Resistance ot bulb is R,= — =-—- = 240 D. 

D 


Resistance of heater is R = — = 

Pi 


V- 120x120 


240 


= 60 Q 


Before the heater is switched on the voltage across 
the bulb is 


120 x 240 
V{= (240 + 6) 


117.07 V 


Copyrighted material 






13.4 Complete Physics—JEE Main 


B = B 


+ B : = 2 x 


i) = MQ 


Ana 2 na 

EXAMPLE 2 Two infinitely long wires carrying 
equal current / in the opposite direction are placed 
perpendicular to the x-y plane. One wire is located at point 
P (0, a , 0) and the other wire at Q (0, - a , 0). Find the 
magnitude and direction of at point A( x, 0, 0). 

Q SOLUTION Refer to Fig. 13.13. Wire 1 carries a 
current / along the positive z-direction and wire 2 carries 
a current / along the negative z-direction. 


OP = OQ = a, OA = x, PA = OA = r. 


for the magnitude of the magnetic field at (/) the centre of 
the circular loop and (//') the centre of the square. Which 
wire produces a greater magnetic field at the centre? 



SOLUTION 


(a) (i) Radius r of wire A when it is bent into a circle is 
given by 


2 nr - L => r- 


L 


2 n 

Magnetic field at the centre of the circular loop is 



Ho I = 

2 r L 



y 



Magnetic field at A due to wire 1 is 

R = ^O 7 - /V 

' 2 n(PA) 2 k^Tx 2 

According to Biot-Savart law, B, is perpendicular to 
both PA and wire 1 and therefore in the x-y plane. 
Similarly, magnetic field at A due to wire 2 is 

»- 

2 7t\Ja 2 + x 2 

The ^-components of B[ and B : cancel each other 
but the x-components add up. These components are 
cos 6 and B 2 cos 0 both along the positive x-di- 
rection. Therefore, the resultant magnetic field at A is 

B = Bj + B 2 = (/?j cos 0+ B 2 cos 0) i 


Ho 1 


TTyjia 


X 


a 


2 +x 2 ) J7P7 


A 

x i 


n 0 l a 


n(a 2 + x 2 ) 


( 

- 

A 

1 


cos 0 = — = 
r 


a 


yja 2 -f X 2 


EXAMPLE 3 Two wires A and B have the same 
length L and carry equal currents /. Wire A is bent into a 
circle and wire B is bent into a square, (a) Obtain expression 


(ii) Refer to Fig. 13.14. The magnetic field at O due 
to wire PQ is (OT = a) 

B P( j= —— (sin 45° + sin 45°) 
c 4 na 

= A*o 7 

2 V 2 na 


w 

42 nL 




Since centre O of the square is at the same dis¬ 
tance from each side of the square and each arm 
carries the same current, the magnetic field due 
to each side of the square is of the same and in 
the same direction. Hence the total magnetic field 
at O is 


B 2 4B P q 


1 6 p 0 I _ 8^2 fl 0 I 
yfl KL KL 



Dividing (2) by (1) we get 
B 2 8^2 8x1.41 , 

— — —r— —-r — 1.16 

s, 7 r (3.14) 2 

Hence B 2 > B\. The magnetic field at the centre due 
to the square loop will be greater than that due to 
the circular loop. 
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SOLUTION Figure 13.18 shows the cross-sectional 
view of the cylinder. 


Amperian Loop 



Amperian Loop 



(a) 


(b) 


Fig. 13.18 

Case (a) r > R. For this case, the Amperian loop is a circle 
of radius r concentric with the cross-section [Fig. 13.18 
(a)]. For this loop, L = 2nr and the current threading the 
loop is i = /. From Ampere’s circuital law. 

BL = /J 0 i => B x 2mr = fJ i} I => B = 

2 nr 

Case (b) r < R. For this case, L = 2nr [Fig. 13.18 (b)] and 
the current threading the loop is 

/' = current per unit cross-sectional area of the cylinder 
x cross-sectional area of the Amperian loop 


nR 


x nr = 


R 


From Ampere's law, 

B x 2 nr = fi 0 i = 


jUpfr 2 

R 2 


B = 


f JhL) r 

v 2nR~ J 


(1) For r <R, B « r and for r>R,B — . Figure 

Note 13.19 shows the variation of B with /*. 



Fig. 13.19 

(2) For a hollow cylinder, the current flows along its 
walls. Therefore, in the case r < R [Fig. 13.18 (b)], no 
current threads the Amperian loop. Hence B = 0 for 
points inside a hollow cylinder. 


EXAMPLE 8 The current density J (current per unit 
area) in a solid cylinder of radius R varies with distance 
r from its axis as J = kr where k is a constant. Find the 
magnetic field at a point P where (a )r> R and (b )r< R. 

O SOLUTION 

Current / = J JdA = J kr x (2 nr dr) 

Case (a) We take the Amperian loop of radius r > R. 
Since the loop is outside the cylinder, the current through 
the loop is 

R R ~ 

I = J kr x (2 nr dr) = 2nkj r 2 dr = — - 


B x 2 nr = p () l = 


2 n p 0 kR 2 


B = 


PokR' 


3 3 r 

Case (h) For r < R , the current through the Amperian loop 


is 


t 

/ = | kr(2nrdr) = 


2 nki 


i~3 


„ r li () x 2nkr 

B x 2nr = p {) I = — 


B = 


Po kr 


3 3 

EXAMPLE 9 Two long wires 1 and 2 carrying 
equal currents /j = / 2 = 9 A arc held parallel to each other 
6 cm apart as shown in Fig. 13.20. Find the magnetic field 
at (a) point P, (b) point Q and (c) point R. 


Wire 1 Wire 2 


V 

L i 

h 

3 cm 

3 cm 3 cm 

3 cm 

P 

R 

Q 


Fig. 13.20 


(a) Magnitude of magnetic field at P 

M = 4-r*IO- 7 x9 st . x||)iT 
2 nr 2n x 3 x 10 2 


SOLUTION 

due to wire 1 is 


P. = 


The direction of the field is perpendicular to plane of the 
page and towards the reader. The magnitude of magnetic 
field at P due to wire 2 is 
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b, = = 2x i 0 -5 T 

2nr 2/r x 9 x 1 O' 2 

The direction of this field is the same that of B x . Thus, the 
net field at P is 

B P = B\+B 2 = 8x 1(T 5 T 
and its direction is towards the reader. 

(b) Similarly, the net field at Q will be 8 x 10 5 T and 
its direction is perpendicular to the page and away 
from the reader. 

(c) At point /?, the magnetic field due to wires 1 and 2 
will have equal magnitude but opposite directions. 
Hence the net magnetic field at R will be zero. 

(Q EXAMPLE 10 Two long wires 1 and 2 are kept 
8 cm apart and carry currents of /, = 2 A and I 2 = 10 A in 
opposite directions. At what distance from wire 1 will the 
resultant magnetic be zero? 

(a) 1 cm (b) 2 cm 

(c) 3 cm (d) 4 cm 


Wire 1 




Wire 2 


Fig. 13.21 

SOLUTION Since the currents arc in opposite 
directions, the resultant magnetic field cannot be zero at 
any point between the wires; it can be zero at a point to 
the left of wire 1 or to the right of wire 2. Let the net 
magnetic field be zero at point P at a distance* from wire 1 
(Fig. 13.21). The magnetic field at P due to wire 1 is 

Po A 


*1 = 


2 nx 


directed towards the reader. 


The magnetic field at P due to wire 2 is 

Po h 

B 7 = -—— directed away from the reader. 

2 n(d + x) 

The resultant magnetic field will be zero if = B 2 , i.e. if 

Po _ Po 12 
2 nx 2n(d-\-x) 

L P 


* 


d + jc 


2 _ 10 
x 8 + x 
x = 2 cm 

EXAMPLE 11 Figure 13.22(a) shows a straight 
wire AB of length L carrying a current /. The magnitude 
of magnetic field at point P which is at a perpendicular 


distance 

r = L from one end of wire is 


(a) 

Bo I 

(b) 

Bo 1 

JlnL 

InL 

(c) 

Bo I 

(d) 

Bo I 

l4l.nL 

a4ikl 


r 


4 A 




B 

Fig. 13.22(a) 

SOLUTION Refer to Fig. 13.22(b). 

- L -► 


L 


45°V 


-,-P 


B 


Fig. 13.22(b) 


B= ^-^-(sin a + sin fi) 
4nr 

Here a = 45° and fi = 0° and r = L. 

Po 1 


B- 


4n L 


(sin 45° + sin 0°) 


= ifol x 2_ 

4kL \tl 

So the correct choice is (d). 

EXAMPLE 12 Figure 13.23(a) shows a straight 
wire AB of length L carrying a current I. The magnitude of 
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magnetic field at point P on the perpendicular bisector of 

the wire at a distance r= — is 

2 




Fig. 13.23(a) 



SOLUTION 


Refer to Fig. 13.23(b). 



Fig.13.23(b) 


B= (sin a + sin /3) 
4k r 

Here a = /J, 

n L/ 2 

and sina=sinp= - 

x 


L/2 




B = 


Vo I 

. L 
4 K x 

2 


2 

yfl 


= Vo 1 
4lnl 


which is choice (b). 


IQ EXAMPLE 13 A uniform straight wire of length 
L is turned into a circular wire loop of radius r. The 
diametrically opposite points P and Q are connected to a 
battery as shown in Fig. 13.24(a). If /is the current flowing 
through the battery, the magnetic field at centre O will be 




Vo I 
n L 



Bo I 
2k L 


(d) zero 



Fig. 13.24(a) 

© SOLUTION As shown in Fig. 13.24(b), current 
divides into two equal parts /, = / 2 = //2, flowing along 
semicircular wires PRO and PSQ. These equal currents 
produce equal and opposite magnetic fields at centre O. 
Hence the resultant magnetic field at O will be zero. 



Fig. 13.24(b) 


Q) EXAMPLE 14 A uniform straight wire of length L 
is turned into a square. The points P and R are connected 
to a battery as shown in Fig. 13.25(a). If current / flows 
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Time spend in the region of magnetic field is 
f _ T _ nm 
2 ~ qB 


(ii) If the particle enters the 
region of magnetic field as 
shown in Fig. 13.27, then 

mv 


and 


r = 


t = 


qB 

26m 



XXX 


X \ X X 




B 


X X 


XXX 


Fig. 13.27 


qB 

where 9 is in radian. 

(iii) In Fig. 13.28, the particle will not he able to hit the 
wall if d > r, i.e. 

, mv n mv 
d> — =*B> 


qB 


qd 


XXX X 



(iv) If d < r, as shown in Fig. 13.29, the deflection 0 when 
the particle leaves the field is given by 

. a d qBd 
r mv 

Linear defection .v = /*( 1 - cos 9) 

Q EXAMPLE 15 An electron emitted from a hot 
filament is accelerated through a potential difference of 
18 kV and enters a region of a uniform magnetic field of 
0.1 T with a certain initial velocity. What is the trajectory 
of the electron if the magnetic field (a) is transverse to 
the initial velocity and (b) makes an angle of 30° with the 
initial velocity? Mass of electron = 9 x 10 31 kg. 

SOLUTION 


V= 18 x 10 J V 

1 2 

— mv = eV => 
2 


v = 


2eV\ 


m ) 


1/2 


2 x (1.6 x 10~ 19 ) x (18 x I0 3 ) 


“i 1/2 


9x10 


-31 


= 8 x 10 7 ms" 1 


(a) Since v is ± to B ,9 = 90°, the trajectory of the 
electron is circular having a radius 


_ mv _ (9 x 10 -31 ) x (8 x 10 7 ) 
eB (1.6 x 10 -19 ) x 0.1 
= 4.5 X 10 3 m = 4.5 mm 

(b) The trajectory of the electron is helical. The ra¬ 
dius of heix is 

mv | mv . . 
r = —— = — x sin 9 
eB eB 

= 4.5 mm x sin 30° = 2.25 mm 

EXAMPLE 16 A long straight wire lying along 
the y- axis carries a current of 10 A along the positive 
^-direction. A proton moving with a velocity of 10 ms 1 
is at a distance 5 cm from the wire at a certain instant. 
Find the magnitude and direction of the force acting on the 
proton at that instant if its velocity is directed 

(a) along the negative jr-direction 

(b) along the positive ^-direction and 

(c) along the positive z-direction 
SOLUTION Refer to Fig. 13.30. 


n 


y 


®B 

►«-< 


Proton -x-*~ 


-^x 


= 4 x 10' 5 T 


Fig. 13.30 

Magnetic field at A is 

_ fi Q I _ 4/r x 10 y x 10 _ 

2k r 2 k x 0.05 

directed inwards along the negative z-direction 

(a) 9 = 90°. Therefore, force on proton is 
F= qvB sin 9 

= (1.6 x 10“ 19 ) x 10 7 x(4x 10” 5 ) x sin 90° 

= 6.4 x 1(T I7 N 

According to Fleming’s L.H. rule, the direction of 
the force is parallel to the wire and opposite to the 
direction of current /, i.e. F is along the negative 
^-direction 

(b) 9= 90°, F= qvB = 6.4 x 10 1 N. The force is directed 
towards the wire, i.e. along negative jc-direction 

(c) 9 = 180°. F = qvB sin 180° = 0 

0 EXAMPLE 17 A proton and an a-particle move 
perpendicular to a uniform magnetic field. The mass of an 
a-particle is four times that of a proton and its charge is 
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Wire 



Fig. 13.38 

According to Right Hand Thumb rule, the direction of 
the field is into the page. Hence the charged particle is 
moving perpendicular to the field, i.e. 6 = 90°. The force 
experienced by the particle is 
F = qv B sin 0 

= (2.0 x 1 O ' 6 ) x (5 x 10 s ) X (1.0 x 10 5 )xsin 90° 
= 1.0 x 10 -S N 

According to Fleming’s Left Hand rule, the direction of 
the force is to the right, i.e. perpendicular to the wire and 
away from it. 

EXAMPLE 21 Two thick and straight conductors 
AB and CD are placed horizontally and parallel to each other 
at a separation of 20 cm. They are connected to battery as 
shown in Fig. 13.39(a). A straight wire PQ of mass 150 g 
can slide on AB and CD. If the current / = 2 A, g = 
10 ms ~ and a magnetic field B = 1.5 T is applied as shown 
in the figure, the minimum coefficient of friction between 
the wire and the conductors so that the wire is prevented 
from sliding is 


(a) 0.1 
(c) 0.3 


(b) 0.2 
(d) 0.4 


X X XP X 


X 


X*- 



into page 
-B® 


Fig. 13.39(a) 

SOLUTION The magnitude of force on wire PO 
due to the magnetic field is 

F= BIL 


I 


P 


F + 


\f 


Q 

Fig. 13.39(b) 

From Fleming’s Left Hand rule, the direction of this force 
is to the left [Fig. 13.39(b)]. If the wire is just prevented 
from sliding on the conductor, the force of friction (/) 
which acts to the right must be equal to F. If // min is the 
minimum coefficient of friction, then/= fi min mg. Thus, 

Pmm = BIL 

BIL 1.5 x 2 x 0.2 ^ „ 

=> Pm'in = -=-= 0.4 


mg 


0.150 x 10 


EXAMPLE 22 In Example 21 above, if the 
coefficient of friction were one-fourth of ju min , then wire 
PO will 

(a) stay at rest 

(b) move to the left with an acceleration of 3.0 ms -2 

(c) move to the right will an acceleration of 1.5 ms “ 

(d) execute simple harmonic motion. 

A 1 0.4 A t 

©SOLUTION Given n = - H min = — = 0.1. 

Referring to Fig. 13.39(b), the net force on wire PQ will 
be to the left. 

F nct = BIL-ix mg 

= 1.5 x2x 0.2-0.1 x 0.15 x 10 
= 0.6 -0.15 = 0.45 N 

.*. Acceleration a = —— = = 3.0 ms" - . So. the correct 

m 0.15 

choice is (b). 

© EXAMPLE 23 A particle of charge q is revolving in 
a circle of radius r with a constant speed v . The ratio of the 
magnitudes of magnetic moment and angular momentum 
of the particle is 


(a) 


(c) 




>/2 m 

2 m 


(b) - 
m 


(d) 


V2 


<7 


m 
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SOLUTION Time period T = 


2k r 


v 


. The particle 


passes through a given point on the circle after one 
complete revolution. Hence the current round the circle is 


/= i= 


qv 


T 2k r 

Magnetic moment M = current x area enclosed by the 

circular current 


or 


M= I x nr 2 = 


qv 2 Q Vr 
x nr = — 


2k r 


The direction of IVI is perpendicular to the plane of the 
circular loop. 

Angular momentum L = mvr 

The direcstion of L is the same as that of M if q is positive. 
M qvr 1 q 

. _ — — _ v _ — 1 

— - - * — - 

L 2 mvr 2m 


So the correct choice is (c). 


(Q EXAMPLE 24 The battery of a car is connected 
to the motor by 50 cm long wires which are 1.0 cm apart. 
If the current in the wires is 200 A, find the force between 
the wires. Is the force attractive or repulsive. 



SOLUTION 


Force per unit length is 



!AqI\I 2 _ (47T x 10 7 ) x 200 x 200 
2 nr 2n x (1.0 x I0 -2 ) 


F =f x / = 0.8 x 0.5 = 0.4 N 

Since the currents in the wires are in opposite direction, 
the force is repulsive. 

tQ) EXAMPLE 25 A small rectangular loop ABCD of 
sides 5 cm and 3 cm carries a current of 5 A. It is placed 
with its longer side parallel to a long straight conductor 
PQ of length 5 m at a distance of 2 cm from it as shown in 
Fig. 13.40. If the current in PO is 20 A, find the net force 
on the loop. Is the loop attracted towards PQ or repelled 
away from it? 



SOLUTION 

f = 00 V 2 

m — 

2 Kl\ 


Force exerted by PQ on AB is 
x AB 


(Ak x 10~ 7 ) x 5 x 20 x 5 x 10~ 2 
2k x 5 x 1(T 2 


= 2 x 10 5 N (repulsive since 7, and I 2 are in 
opposite directions) 

Force exerted by PQ on CD is 

F 2 = ^ExCD 
2 2nr 2 


(An x 10~ 7 ) x 5 x 20 x 5 x 10~ 2 
27T x 2 x 10 -2 


= 5 x 10 5 N (attractive since /, and I 2 are in the 
same direction) 

From Fleming’s L.H. rule, the magnetic field due to 
current in PQ is directed outwards (towards the reader) and 
perpendicular to the plane of the coil. Therefore, forces F 3 
and F 4 on BC and AD are equal and opposite and hence 
cancel each other. Therefore, the net force on coil ABCD is 

F = F 2 -F x = 5x 1 (T 5 - 2 x 10 -5 = 3 x 10 -5 N 
(attractive). Hence coil is attracted towards PQ. 


EXAMPLE 26 Aparticle 
of charge q and mass m moving in 
region I with a velocity v enters 
normally a region II of width d 
where a uniform magnetic field 
B (directed inwards) exists as 
shown in Fig. 13.41. There is 
no magnetic field in regions I 
and III. 


m 


v 


(a) What is the maximum 
speed (v max ) of the particle 

so that it returns back in region I? 

(b) What will happen if v = V2 i> max ? 



Fig. 13.41 


III 


< -5 cm-► 



Fig. 13.40 



SOLUTION 


(a) Refer to Fig. 13.42(a). The particle describes a 
circular path of radius r = mv/qB in region II. It will 
return to region / if it describes a semicircle in region 
II. This happens if 


r < d => 


mv 

^B 


< d or v < 


qBd 

m 


.*. v 


max 


qBd 

m 
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Ill 


(b) Refer to Fig. 13.32 (b). If v > u max , the particle 
is cross over to region III after describing a circular 
trajectory in region II with O as the centre. In region 
III, the particle is moved along the tangent at Q. The 
particle will suffer a deviation 0. 

In triangle OPQ 

. * PQ d 

sin 9 = -= — 

OQ r 


mv 


v 


\fv=yJl v max , then sin 9 = =>0 = 45° 


EXAMPLE 27 A straight horizontal conducting 
rod of length 50 cm and mass 60 g is suspended by two 
vertical wires at its ends. A current of 5 A set up in the rod. 

(a) What magnetic field should be set up normal to the 
conductor in order that the tension in the wires is 
zero? 

(b) What will be the tension in the wires if the direction 
of the current is reversed, keeping the magnetic field 
the same? 

Ignore the mass of the wires and take g = 10 m/s 2 . 
SOLUTION Refer to Fig. 13.43. 


® B (into 

F m -- 

i 

mmm 

page) 

■■Bit 

i 

} 

' 


F g =mg 

Fig. 13.43 

(a) Tension in the wires will be zero if 

F = F 

nj 8 
=> BIl = mg 


mg (60xlO ') x 10 
B = — = -- = 0.24 T 


// 5 x (50 x 10 -2 ) 

(b) If current / is reversed, force F m acts downwards. 
Hence 

Tension T = BIl + mg 
= 0.24x 5 x0.5 + 60 x 10 3 x 10= 1.2 N 

7. Torque on a Current Carrying Coil in a 
Magnetic Field 

The torque on a coil of N turns, area A carrying a current / 
in a magnetic field B is given by 

f = M x B 

Magnitude of torque is z = MB sin 6 = NIAB sin 6 
where M = NIA is the magnetic moment and 9 is the angle 
between the nonnal to the plane of coil and magnetic field. 

The magnitude of torque on a coil in radial magnetic 
field in moving coil galvanometer is 

r = ka 

where k is the restoring couple per unit twist and a is the 
deflection of the coil. For radial magnetic field, a = 90°. 
Then 

ka 


NIAB =*«=>/ = 


NAB 


or / oc a 


Current sensitivity of the galvanometer is 

a _ NAB 

^ •* 

* / k 

8. Torque on a Bar Magnet in a Magnetic Field 

The magnetic dipole moment of a bar magnet of pole 
strength q and length (2a) is defined as 

M = q( 2a) 

It is a vector pointing from the south to the north pole 
of a magnet. 

Force on north pole N of magnet = qB (in the direction 
of B) 

Force on south pole S of the magnet = -q B (opposite to B) 
Thus the magnetic field exerts two equal, parallel and 
opposite forces on the magnet. The two forces, therefore, 
constitute a coupe which tends to rotate the magnet in the 
clockwise direction. The arm of the couple is 2 a. The 
torque is given by 

r = arm of the couple x force 
= 2a x £/B = q( 2a) x B 
or T = M x B 

where M = #(2a) is called the magnetic moment of the 
bar magnet. The direction of r is perpendicular to both M 
and B. If M and B arc both in the plane of the paper then 
the torque r will be perpendicular to the plane of the paper 
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and directed into it away from the reader. The magnitude 
of the torque is 

T = MB sin 0 

where 6 is the angle between M and B. 

The SI unit of M is Nm T -1 or JT 1 (joule per tesla). 

9. Potential Energy of a Magnetic Dipole 

The magnetic potential energy of a magnetic dipole in any 
orientation 0with an external uniform magnetic field B is 
defined as the work that an external agent must do to turn 
the dipole from its zero energy position (6 = 90°) to the 
given position. 0. 

U = -MB cos 6 

In vector notation, 

U = - (M B) 

For stable equilibrium U is minimum. Hence 0=0 
and T = 0. For unstable equilibrium, U is maximum i.e. 
0= 180°. Hence r=0 


10. Some Useful Tips 

1. Magnetic dipole moment of a bar magnet is M = 
m x /, where m is pole strength and / is the length of 
the magnet. The value of A/ depends on the volume 
of the magnet. 

(a) If a magnet is cut into two equal parts by cut¬ 
ting it by a plane along its length, its volume is 
halved. Hence the magnetic dipole moment of a 

M 

piece is halved = Mil. The pole strength m = — 
is also halved as length / remains the same. 


(b) If a magnet is cut into two equal parts by cutting 
it by a plane transverse to its length, the volume 
and length are both halved. Hence the magnetic 
moment becomes Mi 2 but pole strength m re¬ 
mains the same. 

(c) If a wire of magnetic dipole moment M and 
length / is bent as shown in Fig. 13.44, the dis¬ 
tance between the pole becomes —j= and mag- 

72 

netic moment becomes 
M = m x —j= = —f= 

72 72 

If the wire is bent as shown in Fig. 13.45, the 
magnetic moment becomes 

M = m x —j= = — 

72 72 









Magnetic dipole moment M is a vector quantity 
directed from south pole to north pole. 






2. A bar magnet placed in a uniform magnetic field 
experiences no net force but experiences a torque f 
= M x B. The magnitude of f is T= MB sin 0 where 
0 is the angle between M and B. 

(a) when 0= 90°, r max = MB 

(b) when 0= 0°, r min = 0 (stable equilibrium) 

(c) when 0= 180°, T min = 0 (unstable equilibrium) 
Potential energy is U = -M.B = -MB cos 0. When 
0 = 0°, P.E is minimum U min = -MB. U is max 
= £/ max = MB when 0=180° 

(d) Work done in rotating the magnet from 0, to 0 : 
is 

W = MB (cos 0, - cos 0 2 ) 

(e) In a non-uniform magnetic field, a bar magnet 
experiences a force as well as a torque. 

3. The time period of a bar magnet oscillating in a 


uniform magnetic field is T = Ik 


I 

MB 


where 7 is 


the moment of inertia of the bar magnet = 



12 




m = mass of magnet and / = length of magnet. 

(a) If a bar magnet is cut into two equal parts by cut¬ 
ting along its length, then each part has M' = Mi2 
and = 7/2. Hence V = T. 

(b) If a bar magnet is cut into two equal parts by 
cutting perpendicular to its length, then each 
part has A/' = Mil and /' = 7/8. Hence T' = Til. 

(c) If two bar magnets of magnetic moments M x and 
M 2 are placed one on top of the other as shown 
in Fig. 13.46, then time period is given by (since 
7=7, +7 2 and M=M { + M 2 ) 
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Fig. 13.50 


as shown in Fig. 13.5 1. Hence 0= 90°. The magnitude of 
the torque acting on the coil is 

V3 y . V3 •> 

T= MB sin 6 = — IcCB sin 90° = — lcfB 

4 4 

(y! EXAMPLE 32 A wire loop ABCD carrying a 
current / 2 is placed on a frictionless horizontal table as 
shown in Fig. 13.52. A long straight wire PO carrying a 
current /j is placed at a distance a from side AB = /. Find 
the work done by the magnetic field in shifting the wire 
from position PQ to position P'Q'. 


MB , sin 0, = MB ? sin 0 2 


Q 


Q' 


/?, sin 6 , \/2 x 10 2 x sin 30° 4 ^ 2 ^ 

=> By — —- L =-= 10 “T 

sin 6 2 sin 45° 


o EXAMPLE 31 A uniform wire is bent into the 
shape of an equilateral triangle of side a. It is suspended 
from a vertex at a place where a uniform magnetic field B 
exists parallel to its plane. Find the magnitude of the torque 
acting on the coil when a current / is passed through it. 



SOLUTION 


Area of the coil is (AB = a , BD = a/2) 



A = 2 x area of triangle ABD 


= 2 x 


x AD x BD 




a 

2 


V3 2 

= -cT 

4 

Magnetic moment of the loop is 

V3 7 

M = IA=Ix — a 2 

4 

Since the current is clockwise, the direction of vector M 
is perpendicular to the plane of the coil directed inwards 


-< b -H 



P 


Fig. 13.52 


P' 



SOLUTION 


Q 




P 



Fig. 13.53 


Divide the loop into a large number of elements each of 
a very small width dx. Consider one such element at a 
distance x from PQ [see Fig. 13.53]. The magnetic field at 
any point on the element is 

B = — P — directed inwards 
2k x 

Magnetic moment of the element is 

dM = / 2 x area of element 

= 1 2 x Idx 

Since the current in the coil is anticlockwise, dM is 
directed outwards. Hence angle between vectors B and 
dM is G= 180°. 

Potential energy when the wire is a distance x from the 
elements is 


cAJ = -dM B = -dMxB cos 0 
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= _/ idx x 

2nx 


cos 180° 


= B cos 0° = B. The value of B n thus differs from place to 
place on the surface of the earth. 


_ .Vi ^2^ dx 

2k x 

Potential energy of the system when the wire is at 
position PQ is 

^ 2n J x 2 k \a 


By symmetry, the potential energy of the system when the 
wire is shifted to position P'Q' is 

Up O' = ~UpQ 

Work done in shifting the wire from position PQ to 
P'Q' is 


W = -(Ur Q -U PQ ) 



Polity 


K 


In I — 
a 


11. Earth's Magnetic Field 

The magnetic field of the earth is described in terms of the 
following three parameters. 

(1) Magnetic Declination 

The angle between the magnetic meridian at a place and 
the geographic meridian at that place is called magnetic 
declination. The magnetic meridian at a place is a vertical 
plane containing the magnetic axis of a freely suspended 
small magnet when it has settled in the earth’s field. The 
geographic meridian at a place is a plane containing the 
place and the earth’s axis of rotation. 

The magnetic declination is different at different places 
on the surface of the earth. 

(2) Angle of Dip 

The angle between the horizontal component and the total 
magnetic field of the earth is called the angle of dip. This 
angle is also different at different places on the surface of 
the earth. Naturally, on the magnetic equator the angle of 
dip is zero, because the dip needle rests horizontally at the 
magnetic equator. The needle rests vertically at the two 
magnetic poles, i.e. the angle of dip is 90° at the magnetic 
poles. At other places, its value lies between 0° and 90°. 

(3) Horizontal Component 

The total magnetic field strength B at a place has a 
horizontal component B {1 given by 

Bjj = B cos 0 

where 9 is the dip angle at that place. At the magnetic 
poles, B n = B cos 90° = 0 and at the magnetic equator B f/ 


12. Neutral Points 

A neutral point is a point in space where the field due 
to the magnet is completely neutralized by the horizontal 
component of the earths magnetic field. If B /n is the 
magnetic field due to the magnet and B 7/ the horizontal 
component of the earth’s magnetic field, then at the neutral 
point, B /m and B ;/ are equal in magnitude but opposite in 
direction. 

The magnetic field due to a short dipole at a distance r 
on the equatorial line is given by 



Po m 
4 K r 3 


where m is the magnetic moment of the magnet. On the 
axial line, 



Po 2™ 
4 k r 3 


13. Relation between B and H 


Magnetic induction field B and magnetic field intensity II 
are related as 

B = p H 

The constant p is called the permeability of the material. 
If the material is removed leaving a vacuum inside the 
solenoid, the magnetic field reduces to B () given by 

B 0 =Po H 

where p 0 is the permeability of vacuum. 

The ratio p/p 0 is called the relative permeability of the 
material: 


14. Relation between M and H 

Intensity of magnetisation 1 and magnetising field intensity 
H arc related as 

I = X U 

where x is the susceptibility of the material. 

Also p r = 1 + X 


15. Three Kinds of Magnetic Materials 

Different magnetic materials have different x values 
which may vary over a very wide range. Depending on 
the value and sign of magnetic materials are divided into 
the following three categories. 

(1) Diamagnetic Materials 

Materials for which x is small and negative are called 
diamagnetic. In such materials, the individual magnetic 
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/ 



Fig. 13.55 


6. The magnetic field at the centre of a circular coil of 
radius r and carrying a current I is B. What is the 

magnetic field at a distance x = >/3 r from the centre, 
on the axis of the coil? 

(a) B (b) 2 B 

(c) 4 B (d) 8 B 

7. A coil of 50 turns and 10 cm diameter has a resistance 
of 10 £2. What must be the potential difference across 
the coil so as to nullify the earth’s magnetic field H 
= 0.314 G at the centre of the coil? 

(a) 0.5 V (b) 1.0 V 

(c) 1.5 V (d) 2.0 V 

8. Two coils A and B , each of 10 turns and radius 20 
cm, are held such that coil A lies in the vertical plane 
and coil B in the horizontal plane with their centres 
coinciding. What current should be passed through 
the coils so as to nullify the earth’s magnetic field 
at their common centre? Horizontal component of 
earth’s field = 0.314 x 10 4 T and angle of dip = 
26.6°. Given tan 26.6° = 0.5. 

(a) I A = 2.0 A, 4= 1.0 A 

(b) I A = 1.5 A, I B = 1.0 A 

(c) I A = 0.5 A, 1 B = 1.0 A 

(d) I A = 1.0 A, 4 = 0.5 A 


9. The magnetic field at the point of intersection 
of diagonals of a square loop of side L carrying a 
current / is 



10. Two particles X and Y having equal charges, after 
being accelerated through the same potential 
difference, enter a region of uniform magnetic 
field and describe circular paths of radii R ] and R 2 
respectively. The ratio of mass of X to the mass Y is 



^v ,/2 

V 1*2 ; 



K2 
A’: 



A> 

V 1*2 j 



h 

1*2 


11. Two identical coils carry equal currents and have a 
common centre, but their planes are at right angles 
to each other. What is the magnitude of the resultant 
magnetic field at the centre if the field due to one coil 
alone is S? 

(a) zero (b) B/V2 

(c) s/2 B (d) 2 B 

12. The direction of the force experienced by a charged 
particle moving with a velocity v in a uniform 
magnetic field B is 

(a) parallel to v and perpendicular to B 

(b) parallel to B and perpendicular to v 

(c) parallel to both v and B 

(d) perpendicular to both v and B. 

13. When a charged particle moves perpendicular to a 
uniform magnetic field, its 

(a) energy and momentum both change 

(b) energy changes but momentum remains un¬ 
changed 

(c) momentum changes but energy remains un¬ 
changed 

(d) energy and momentum both do not change. 

14. A particle is projected into a uniform magnetic 
field acting perpendicular to the plane of the paper. 
The field points into the paper, indicated by x which 
represents the tail of the field vector. The trajectory 
shown could be that of a (see Fig. 13.56) 

(a) neutron (b) proton 

(c) alpha particle (d) electron 


X X X X 



X X X X 


Fig. 13.56 

15. A proton with kinetic energy K describes a circle of 
radius r in a uniform magnetic. An a-particle with 
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(c) remains ferromagnetic 

(d) is permanently magnetised. 

45. The relative permeability of iron is of the order of 

(a) zero (b) 10 4 

(C) 1 (d) 10 3 

46. The relative permeability of a substance A is 
slightly greater than unity while that of a substance 
B is slightly less than unity. Then 

(a) A is ferromagnetic and B paramagnetic 

(b) A is diamagnetic and B paramagnetic 

(c) A is paramagnetic and B diamagnetic 

(d) A and B arc both ferromagnetic 

47. A closely wound solenoid of 1000 turns and area of 
cross-section 1.5 x 10 4 nr, carrying a current of 2A, 
is suspended through its centre allowing it to turn in 
a horizontal plane. What is the magnetic moment 
associated with the solenoid? 

(a) 0.3 Am 2 (b) 0.5 Am 2 

(c) 0.75 Am 2 (d) 1.5 Am 2 

48. In Q. 47, what is the force on the solenoid if a uniform 
horizontal magnetic field of 5 x 10 “ T is set up at an 
angle of 30° with the axis of the solenoid? 

(a) 1.5 x 10" 2 N (b) 2.5 x 10~ 2 N 

(c) 7.5 x 10"" N (d) zero 

49. In Q. 48, what is the torque on the solenoid? 

(a) 0.75 x 10' 2 Nm (b) 1.5 x 10" 2 Nm 

(c) 3.0 x 10 2 Nm (d) zero 

50. A bar magnet of magnetic moment 2.0 JT 1 lies 
aligned with the direction of a uniform magnetic 
field of 0.25 T. What is the amount of work required 
to turn the magnet so as to align its magnetic moment 
normal to the field direction? 

(a) 0.125 J (b) 0.25 J 

(c) 0.5 J (d) 1.0 J 

51. In Q. 50, what is the work done to turn the magnet so 
as to align its magnetic moment opposite to the field 
direction? 

(a) 0.25 J (b) 0.5 J 

(c) 0.75 J (d) 1.0 J 

52. In 0- 50, what is the torque on the magnet? 

(a) 0.25 Nm (b) 0.5 Nm 

(c) 1.0 Nm (d) zero 

53. In Q. 51, what is the torque on the magnet? 

(a) 0.5 Nm (b) 1.0 Nm 

(c) 2.0 Nm (d) zero 

54. A magnetic dipole is acted upon by two magnetic 
fields which are inclined to each other at an angle of 

75°. One of the fields has a magnitude of x 10 2 
T. The dipole attains stable equilibrium at an angle 
of 30° with this field. What is the magnitude of the 
other field? 


(a) 0.01 T (b) 0.02 T 

(c) 0.03 T (d) 0.04 T 

55. At a certain place on earth a magnetic needle is 
placed along the magnetic meridian at an angle of 
60° to the horizontal. If the horizontal component of 
the earth’s field at the place is 0.20 x 10 4 T, what is 
the magnitude of the total earth’s field at that place? 

(a) 0.2 x 10 4 T (b) 0.4 x 10~ 4 T 

(c) 0.8 x 10 -4 T (d) 1.6 x 10 -4 T 

56. A short bar magnet of length 4 cm has a magnetic 
moment of 4 JT '. What is the magnitude of the 
magnetic field at a distance of 2 m from the centre 
of the magnet on its equatorial line? 

(a) 10' 7 T (b) 5 x 10~ 6 T 

(c) 10 _6 T (d) 5 x 10“ 5 T 

57. In Q. 56, what is the magnitude of the magnetic field 
at a distance of 2 m from the centre of the magnet on 
its axial line? 


(a) 1(T 4 T 


(b) 10“ 5 T 
(d) 10‘ 7 T 


(c) 10“" T 

58. A toroidal solenoid has 3000 turns and a mean 
radius of 10 cm. It has a soft iron core of relative 
permeability 2000. What is the magnitude of the 
magnetic field in the core when a current of 1 A is 
passed through the solenoid? 

(a) 0.012 T (b) 0.12 T 

(c) 1.2 T (d) 12 T 

59. A sample of paramagnetic salt contains 2 x 10 24 
atomic dipoles, each of dipole moment 1.5 x 10 
JT \ The sample is placed in a magnetic field of 
0.6 T and cooled to a temperature of 4 K. The degree 
of magnetic saturation achieved is equal to 15%. 
What is the total dipole moment of the sample for 
a magnetic field of 0.9 T and a temperature of 3 K? 

(a) 3 J T~* (b) 6 J T _1 

(c^JT 1 (d) 12 J T 1 

60. A bar magnet of pole strength q and magnetic 
moment m is divided into two equal pieces by cutting 
it perpendicular to its length. Then 

(a) q is halved and m is doubled 

(b) q and m both are halved 

(c) q is halved but m remains the same 

(d) q remains the same but m is halved 

61. A bar magnet of pole strength q and magnetic moment 
m is divided into two equal pieces by cutting it along 
its length. Then 

(a) q is halved and m is doubled 

(b) q and m both are halved 

(c) q is halved but m remains the same 

(d) q remains the same but m is halved 
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62. A bar magnet of magnetic moment m is placed along 
the magnetic meridian. If the earth's magnetic field 
is B , the work required to turn the magnet through an 
angle G is 

(a) m B sin 0 (b) m B cos 6 

(c) m B (1 - cos 9) (d) m 5(1+ cos 6) 

63. A small piece of a material is repelled by a strong 
magnet. The material is 

(a) paramagnetic (b) ferromagnetic 

(c) diamagnetic (d) non-magnetic 

64. Choose the correct statement. There will be no force 
experienced, if 

(a) two parallel wires carry currents in the same di¬ 
rection 

(b) two parallel wires carry currents in the opposite 
direction 

(c) a positive charge is projected between the pole 
pieces of a bar magnet 

(d) a positive charge is projected along the axis of a 
solenoid carrying current 

65. Choose the WRONG statement. The sensitivity of a 
moving coil galvanometer can be increased by 

(a) increasing the number of turns in the coil 

(b) inserting a soft iron cylinder inside the coil 

(c) increasing the strength of the magnetic field 

(d) using a suspension fibre of a higher restoring 
couple per unit twist. 

66. The wire shown in Fig. 13.58 carries a current of 
32 A. If r = 3.14 cm, the magnetic field at point P 
will be 

(a) 1.6x10 4 T (b) 3.2 x 1(T 4 T 

(c) 4.8 x 10 -4 T (d)6.4xlO^T 



67. A potential difference of 600 V is applied across the 
plates of a parallel plate copacitor. The separation 
between the plates is 3 mm. An electron projected 
vertically, parallel to the plates, with a velocity of 
2 x 10 6 m s 1 moves undeflected between the plates. 
What is the magnitude of the magnetic field between 
the capacitor plates? 

(a)0.1T (b) 0.2 T 

(c) 0.3 T (d) 0.4 T 


68. Two straight infinitely long and thin parallel wires 
are held 0.1 m apart and carry a current of 5A each in 
the same direction. The magnitude of the magnetic 
field at a point distant 0.1 m from both wires is 

(a) 10“ 5 T (b) yfl x 10 -5 T 

(c) m^ 3 x 10' 5 T (d) 2 x 10 5 T 

69. When a long wire carrying a steady current is bent 
into a circular coil of one turn, the magnetic field 
at its centre is B. When the same wire carrying the 
same current is bent to form a circular coil of n turns 
of a smaller radius, the magnetic field at the centre 


will be 


(a) - 

(b) nB 

n 


<•>4 

(d) n 2 B 


n 


70. A pair of stationary and infinitely long bent wires are 
placed in the x-y plane as shown in Fig. 13.59. The 
wires carry a current / = 10 A each as shown. 

Q 

/ * 

L - > - • I- ■* - M 

O S 

t / 

P 

Fig. 13.59 

The segments LR and SM are along the x-axis. The 
segments PR and QS are along the >-axis, such 
that OS = OR = 0.02 m. What is the magnitude and 
direction of the magnetic field at the origin Ol 

(a) 100 Wb m -2 vertically upward 

(b) 10 4 Wb m 2 vertically downward 

(c) 10 4 Wb m 2 vertically upward 

(d) 10 " Wb m ‘ vertically downward 

71. A particle of charge q and mass m moves in a circular 
orbit of radius r with angular speed co. The ratio of 
the magnitude of its magnetic moment to that of its 
angular momentum depends on 

(a) tuand q (b) co , q and m 

(c) q and m (d) to and m 

72. Two long parallel wires P and Q are held perpendicular 
to the plane of the paper at a separation of 5 m. If P 
and O carry currents of 2.5 A and 5 A respectively in 
the same direction, then the magnetic field at a point 
mid-way between P and Q is 
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(a) ^ 


(c) 


H_0 

K 

Vo_ 

2 K 


(b) 


(d) 


V3)U () 

K 

3/i 0 

In 


73. A proton of mass m and charge is moving in a 
circular orbit a magnetic field with energy 1 MeV. 
What should be the energy of an a-particle (mass 4 m 
and charge + 2e) so that it revolves in a circular orbit 
of the same radius in the same magnetic field? 


(a) 1 MeV (b) 2 MeV 

(c) 4 MeV (d) 0.5 MeV 

74. At a certain place, the horizontal component of 

earth’s magnetic field is >/3 times the vertical 
component. The angle of dip at that place is 

(a) 30° (b) 45° 

(c) 60° (d) 90° 

75. A proton of mass 1.67 x 10 kg and charge 
1.6 x 10 19 C is projected with a speed of 2 x 10 () 
ms 1 at an angle of 60° to the x-axis. If a uniform 
magnetic field of 0.014 T is applied along the y-axis, 
the path of the proton is 

(a) a circle of radius 0.1 m and time period 
2k x 10' 7 s. 

(b) a circle of radius 0.2 m and time period kx 10 s. 

(c) a helix of radius 0.1 m and time period 
2 kx 10" 7 s. 

(d) a helix of radius 0.2 m and time period 
47TX 10 7 s. 

76. A proton, a deuteron and an alpha particle having 
the same kinetic energy are moving in circular 
trajectories in a constant magnetic field. If r [f , r (J 
and r a denote respectively the radii of trajectories 
of these particles, then 


(a )r a = r p <r d (b )r„>r d >r p 

(c) r a = r d > r p (d) r p = r d = r a 

77. Two particles each of mass m and charge q, are 
attached to the two ends of a light rigid rod of 
length 21. The rod is rotated at a constant angular 
speed about a perpendicular axis passing through its 
centre. The ratio of the magnitudes of the magnetic 
moment of the system and its angular momentum 
about the centre of the rod is 


(a) 

(c) 



2m 

2q 


(b)* 

m 

(d) -2 


m Km 

78. Two very long straight parallel wires carry steady 
currents I and - /. The distance between the wires 
is d. At a certain instant of time, a point charge q 
is at a point equidistant from the two wires, in the 
plane of the wires. Its instantaneous velocity v is 


perpendicular to this plane. The magnitude of the 
force due to the magnetic field acting on the charge 


at this instant is 



(a) ^ 

(b) 

H n lqv 

2 Kd 

Kd 

<c) 2 ^ qV 

Kd 

(d) 

zero 


79. A charged particle is released from rest in a region 
of steady and uniform electric and magnetic fields 
which are parallel to each other. The particle will 
move in a 

(a) straight line (b) circle 

(c) helix (d) cycloid 

80. An ionized gas contains both positive and negative 
ions. If it is subjected simultaneously to an electric 
field along the + x direction and a magnetic field 
along the + z direction, then 

(a) positive ions deflect towards + y direction and 
negative ions towards —y direction 

(b) all ions deflect towards + 7 direction 

(c) all ions deflect towards —y direction 

(d) positive ions deflect towards - y direction and 
negative ions tow ards + y direction 

81. A loosely wound helix made of stiff wire is mounted 
vertically with the lower end just touching a dish of 
mercury. When a current from the battery is started 
in the coil through the mercury 

(a) the wire oscillates 

(b) the wire continues making contact 

(c) the wire breaks contact just when the current is 
passed 

(d) the mercury will expand by heating due to passage 
of current 

82. A non-planar loop of conducting wire carrying a 
current / is placed as shown in Fig. 13.60. Each of 
the straight sections of the loop is of length 2a. The 
magnetic field due to this loop at the point P(a , 0, a) 
points in the direction 


(a) (- j + k) 

/ A A 

(b) (-j + k 

/A A AV 

(c) (i + j+k) 

(d) (i + k) 


z 

A 



Fig. 13.60 
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83. Two particles A and B of 
masses m A and m B respectively 
and having the same charge 
are moving in a plane. A 
uniform magnetic field exists 
perpendicular to this plane. 

The speeds of the particles are 
v A and v B respectively and the 
trajectories are as shown in Fig. 

13.61. Then 

(a) m A v A < m B v B 

(b) m A v A > m B v B 

(c) m A < m B and v A < v B 

(d) m A = m B and v A = v B 

84. A coil having N turns is wound tightly in the 
form of a spiral with inner and outer radii a and b 
respectively. When a current / passes through the 
coil, the magnetic field at the centre is 


(a) 

Ho NI 

(b) 

2 H 0 NI 


b 


a 

(c) 


(d) 

In a 


2 (b-a) a 


2 {b-a) b 


85. A particle of mass m and charge q moves with a 
constant velocity v along the positive .v direction. It 
enters a region containing a uniform magnetic field 
B directed along the negative z direction, extending 
from x = a to x = b. The minimum value of v required 
so that the particle can just enter the region x > b is 

(a ) qbB/m (b) q (b - a)B/m 

(c) qaBlm (d) q(b + a)B/2m 

86. A magnet of length 10 cm and magnetic moment 
1 Am 2 , is placed along the side AB of an equilateral 
triangle ABC. If the length of side AB is 10 cm, the 
magnetic field at point C is 

(a) 10~ 9 T (b) 10“ 7 T 

(c) 10“ 5 T (d) lO^T 


• • • • • • 

. > , . 

B 

• • • « 4 • 

« « » • f 9 « 

9 9 9 9 9 9 9 

Fig. 13.61 


87. A magnetized wire of magnetic moment M is bent 
into an arc of a circle that subtends an angle of 60° 
at the centre. The equivalent magnetic moment is 



K 



2 M 
n 



3 M 
K 



4 M 

K 


88. Two poles of the same strength attract each other with 
a force of magnitude F when placed at two corners 
of an equilateral triangle. If a north pole of the same 
strength is placed at the third vertex, it experiences a 
force of magnitude 


(a) n/3 F (b) F 

(c) 'Jl F (d) 2 F 

89. A circular coil of radius r having number of turns n 
and carrying a current /, produces magnetic field of 
magnitude B at its centre. B can be doubled by 

(a) keeping n unchanged and changing / to — 


n 

(b) changing n to - and keeping / unchanged 

2 

(c) changing n to 2/7 and / to 21 

(d) keeping / unchanged and changing n to In 

90. An electron moves with a speed of 2 x 10'" ms 1 
along the positive ^-direction in a magnetic field B 

AAA 

= (i - 4 j - 3 k) tesla. The magnitude of the force (in 
newton) experienced by the electron is (the charge 
on electron = 1.6 x 10 ig C) 

(a) 1.18 X 10 -13 (b) 1.28 x 1(T 13 

(c) 1.6 x 10“ 13 (d) 1.72 x 10~ 13 

91. A single charged ion has a mass of 1.13 x 10 g. 
It is accelerated through a potential difference of 
500 V and then enters a magnetic field of 0.4 T, 
moving perpendicular to the field. The radius of its 
path in the field is 

(a) 2.1 cm (b) 2.1 mm 

(c) 1.17 m (d) 2.0 m 

A A . 

92. A proton of velocity (3 i + 2 j) ms enters a magnetic 

A A 

field of (2j + 3k) tesla. The acceleration produced 
in the proton is (charge to mass ratio of proton = 0.96 
x 10 8 C kg" 1 ) 

(a) 2.88 x 10 8 (2i — 3j) 

(b) 2.88 x 10 8 (2i — 3j + 2k) 

(c) 2.88 x 10 s (2i + 3k) 


(d) 2.88 x 10 8 (i-3j + 2k) 

93. Two short bar magnets of magnetic moments ‘AT 
each are arranged at the opposite corners of a square 
of side ‘d\ such that their centres coincide with the 
corners and their axes are parallel. If the like poles 
are in the same direction, the magnetic field at any 
of the other corners of the square is 



4 n d 3 



A ^.2 M 
c/ 3 



MJ5 

4n d 3 



H o 3 M 
4 K d } 
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11. The magnitude of the magnetic field at the centre due 
to each coil is 8. Since the planes of the coils are at 
right angles to each other, the directions of the fields 
will be at right angles to each other. Therefore, the 
resultant field is 

B r = Jb 2 + B 2 = -Jl B 

Hence the correct choice is (c). 

12. The correct choice is (d) since F = q (v x B). 

13. Since the force exerted by the magnetic field is 
perpendicular to the direction of motion of the 
particle, the speed of the particle cannot change but 
its velocity changes. Hence the correct choice is (c). 

14. Applying the left hand fist rule and noting the charge 
on an electron is negative, i.e. F = - e (v x B), it 
follows that the particle is an electron, which is choice 
(d). 

15. The radius of the circular orbit is given by 

J2 m K 

r = — - 

qB 


2 1. The correct choice is (c) because the magnetic field 
produced by the current in the loop and the external 
magnetic field arc along the same direction. 

22. Referring to Fig. 13.67, the forces acting on arms BC 
and AD are equal and opposite. The force on arm AB 
is given by 

F - V* 

2k a 


l i 


B i C 

► 


A 


A D 


a 


b 


► 


The charge of an a-particle is twice that of a proton 
and its mass is four times the mass of a proton. 

Therefore yfm !q is the same for both. Hence r will 
the same for both particles. Thus the correct choice 
is (b). 

16. The cyclotron frequency is given by 



2 k m 


It is independent of the speed of the particle and 
the radius of its circular path. Now v « q/m. The 
charge of a proton is half that of an a-particle and 
the mass of a proton is one-fourth. Therefore, v will 
be doubled. Hence the correct choice is (d). 

17. The correct choice is (a). 

18. The correct choice is (d). 

19. The velocity when the potential difference is V is 

V m 

and force F — ev B 


When the potential difference is doubled, i.e. V' = 
2 V, the velocity is 



2ex2V 


m 



Force F' = ev'B = V2 evB = V2 F. Hence the 
correct choice is (c). 

20. The correct choice is (a). 


Fig. 13.67 

which is directed towards the wire. The force on arm 
CD is given by 

F = /ip// 

2n(a + b) 

which is directed away from the wire. Since 
F x > F 2 , the loop; will move towards the wire. Hence 
the correct choice is (c). 

23. F= IIB sin 0= 10 x 2 x 0.15 x sin 45° = 4= N. 

v2 

Hence the correct choice is (d). 

24. The force per unit length is 

F = — x ^-1— 

4 k R 

If R is increased to 2 R and / is reduced to 7/2, the 
force per unit length becomes 

// 0 2 (// 2) 2 

4 n 2 R 

= ■- = - 

4k R 8 8 

Hence the correct choice is (d). 

25. In order that the tension in the supporting wires is 
zero the downward gravitational force mg on the 
rod must be balanced by an upward force BIl due to 
magnetic field, i.e. BIl = mg 
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Given e = 1.6 x 10 19 C (singly charged ion), B = 
0.4 T, V= 500 V and m = 1.13 x 1 O' 26 kg. Using these 
values in (3), we get r = 0.021 m = 2.1 cm, which is 
choice (a). 

92. Given v = (3i + 2j) ms 1 and B = (2j + 3k) tesla. 
Force experienced by the proton is 

F = q (\ x B) = q (3i + 2 j) x (2 j + 3k) 

= q (6ixj + 9ixk + 4jxj + 6jxk) 
= q (6k - 9 j + 0 + 6i) 

= 3 q (2i-3j + 2k) newton 


Acceleration = — = — (2i-3j + 2k) 

m m 

= 3 x (0.96 x 10 8 ) (2i - 3 j + 2k) 
= 2.88 x 10 8 (2i - 3 j + 2k) ms -2 


Hence the correct choice is (b). 

93. Refer to Fig. 13.73. Let us find the net magnetic field 
at corner C of the square A BCD. For the magnet at 
corner /?, the point C is on the axial line at a distance 
d from the centre of the magnet. For a short magnet, 
the magnetic field at C is given by 


B 



Bo 2M 
4 k d 3 



N 

A 

S 


D 


For the magnet at corner A , the point C is on the 
equatorial line at a distance d from its centre. For 
a short magnet, the magnetic field at C due to this 
magnet is given by 



Afo . W 
4tt d 2 


Since their like poles are in the same direction, the 
net magnetic field at C is 

B =B ] -B 1 


= A*o 2M h 0 M = Bo_ M_ 

4 k d 2 4k d 2 4k d 2 

Hence the correct choice is (a). 

94. From Ampere’s law, we have 

(J) B dl = Bo 1 

Since no current exists in the medium (air) inside the 
pipe 7=0. Hence B = 0. Hence the correct choice is 
(b). 

95. Force F on a wire of length / = Bl l . Therefore, force 
per unit length of the wire = y=/?/=10 4 xl0 = 

10 ' Nm ’, which is choice (e). 

96. The magnetic field at point P due to current /, in 
conductor AOB is 

2 k a 

and the magnetic field at point P due to current / 2 in 
conductor COD is 

2 2k a 


Since the two conductors are perpendicular to each 
other, fields B { and B 2 will be perpendicular to each 
other. Therefore, the resultant field at P is 

B = (B 2 + B\) m = (/ 2 + / 2 ) 1/2 

2 Ka 


Hence the correct choice is (c). 

97. The kinetic energy of proton is 

K = 2 McV = 2x 10 6 cV 

= 2 x 10 6 x l.6x 10 19 J = 3.2 x 10 -13 J 

- mv 2 = 3.2x10" 13 
2 


—97 

Now, mass of proton is m = 1.67 x 10 “ kg. Therefore, 


2 2x3.2x10 

v = 


-13 


1.67 x 10 


-27 


= 3.83 x 10 


or v— 1.96 x 10 ms \ Now force on 

proton is 

F = evB 

= 1.6 x 10“ 19 x 1.96 x 10 7 x 2.5 
= 7.84 x 1(T 12 N 
Hence the closest choice is (d). 

98. The point x = + a lies along the line of the straight 
section PQ of the circuit. Hence the magnetic field 
at point x = a is zero. 
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99. The radius of the circular path of a particle of mass 
m, charge e moving with a speed v perpendicular to 
a magnetic field B is given by 


m v‘ 


= evB or r = 


( m' 
\ e ) 


v 

B 


V m J 


Thus, r is inversely proportional to 

to mass ratio. Hence the correct choice is (c). 

100. The total Lorentz force on the electron is 

F = - e (E + v x B) 


, the charge 


The electron will be undeflected if v _L B. If E 
is along + z-direction, the force - e E will be 
along -z-direction. If B is along +;t direction, force 
e (v x B) will be along + z direction. When eE = evB , 
the electron moves along + ^-direction undeflected. 
Hence the correct choice is (c). Thus, for an electron 
moving along + y direction, the electric field should 
be along + z direction and magnetic held along + ;c 
direction, then the electron will be undeflected. 


101. Given jc = 4 cm = 0.04 m and r = 3 cm = 0.03 m. The 
magnetic field at a point on the axis of the loop is 
given by 



r 


2 , 2\3/2 

2 (r + x ) 



Magnetic field at the centre of the coil is given by 



Bo I 
2 r 



Dividing (1) by (2), we get 


h 

B 



(r 2 +x 2 C 


Substituting the values of r and jc, we get 

B 0 _ 125 

~B ~ 27 

125 125 

or Bn =- B = - x 54 liT = 250 uT 

0 27 27 


where q is the charge of the proton. The force F 
is perpendicular to both u and B. Since the force 
is perpendicular to the velocity of the particle, it 
does not do any work. Hence the magnitude of the 
velocity of the particle will remain unchanged; only 
the direction of the velocity changes. Hence v = u. 
Since u is perpendicular to B. the proton moves in a 
circular path. Since the charge of proton is positive, 
u is along posotive jc-axis and B is directed out of the 
page, the proton will move in a circle in the x-y plane 
in the clockwise direction. Hence its y coordinate 
will be negative, when it leaves the region. Thus the 
correct choice is (d). 

104. F = q(v x B) = q{a \ x (b j +ck)} 

A A A A 

= q(ab i x j + ac i x k ) 

A A A A 

= q{ab k -acj) = qa(bk -c j) 

Magnitude of F= qa(b 2 + c 2 ) 1 2 
The correct choice is (d). 

105. Refer to Fig. 13.74. Let AB = BC = AC = a. Let 
OD = r. 


A 



/ / 

\ 

\ / 


D 

/ 



4 / 

r 

a 



a / 

2 

P(;> 

o 


//V 




O' 


► 



Fig. 13.74 

The magnetic field at centroid O due to current I 
flowing in side AB of the triangle is given by 

B ab = ( sin « + sin P) 

4 nr 


Hence the correct choice is (a). 

102. Wires AB and EF experience no forces since currents 
in them are parallel to the magnetic field. The forces 
on BC and DE are equal in magnitude but are directed 
in opposite directions. Hence their resultant is zero. 
Only force acting is on CD. Hence the correct choice 
is (a). 

103. When the proton enters the region of the magnetic 
field, it will experience a force F given by 

F = q (u x B) 


It is clear that a = fi = 60° and 


__ AD all all a 

OD =r= -=-= —j=- = — j= 

tana tan 60° V3 2v3 


B lB = x x (sin 60° + sin 60°) 
4 k a 


_ 3 AV 


In a 
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2 

SECTION 


Multiple Choice Questions Based on Passage 


Questions 1 to 3 are based on the following passage. 


Passage 1 


Two long parallel wires carrying currents 2.5 amperes and 
/ ampere in the same direction (directed into the plane of 
the paper) are held at P and O respectively such that they 
are perpendicular to the plane of the paper. The points P 
and Q are located at a distance of 5m and 2m, respectively, 
from a collinear point R (see Fig. 13.78). 


P 

9- 

i 


2.5A = /' 


Q 


/*2 = 2 m 


R 

T 


-►x 


i<- 


r, = 5m 


Fig. 78 

An electron moving with a velocity of 4 x 10 5 m/s along 
the positive .v-direction experiences a force of magnitude 
3.2 x 10 20 N at the point /?. 

1. The magnitude of magnetic field at point R is 

(a) 2.5 x 10~ 7 T (b) 5.0 x HT 7 T 

(c) 5.0 x 10 -6 T (d) 2.5 x 10 -6 T 

2. The magnitude of magnetic field at point R due to 


current/' = 2.5 A in wire P is 

(a) 1 x 10 7 T 

(b) 2x 10 7 T 

(b) 3 x 10 7 T 

(d) 4 x 10 7 T 

The current / in wire Q is 
(a) 1 A 

(b) 2 A 

(c) 3 A 

(d) 4 A 



Solutions 


1. The magnitude of the force experienced by a particle 
of charge q moving with a velocity v in a magnetic 
field B is given by 

F = qv B sin 0 

where 6 is the angle between v and B. Given 
F = 3.2 x 10 20 N,i> = 4 x 10 5 ms" 1 and 9 = 90°. For 
electron q = 1.6 x 10” 19 C. Using these value we get 
B = 5 x 10 7 T, is choice (b) 

2. The magnetic field at point R due to currect /' in wire 

P \,hL, 4^xl0- , x2.5 , 1x | 0 _ 7 t 

2nr x 2 k x 5 

The correct choice is (a). 


3. The magnetic field at point R due to currect I in wire 
Q is 

AV 4/rxlO x / 


B 2 =. 

" 2/r/% 


= /x 10" 7 T 


■2 2/rx2 

Both fields and B 2 will be in the downward 

direction, parallel and collinear. Hence, the resultant 
magnetic field at point R is 

B = B ] + B 2 = (\ +/)x 10 7 T 
Now B = 5 x 10 T. Therefore, 

(1 + /) x 10 7 = 5 x 10' 7 


or 1 + / = 5 or / = 4 A. 

So the correct choice is (d). 


Questions 4 to 7 are based on the following passage. 

Passage II 

The region between.r = 0 and x-L is filled with a uniform, 

A 

steady magnetic field B 0 k . A particle of mass ///, positive 
charge q and velocity v 0 i travels along .v-axis and enters 
the region of the magnetic field. Neglect gravity. 

4. The force experienced by the charged particle in the 
magnetic field is 

(a) along the positive ^-direction 

(b) along the negative ^-direction 

(c) in the x-y plane 

(d) in the y-z plane. 

5. If the particle emerges from the region of magnetic 
field with its final velocity at an angle of 30° to its 
initial velocity, the value of L is 


(a) 

2nw 0 

</#0 

(b) 

mv 0 

qB 0 

(c) 

mv 0 

(d) 

y/3mv { 

2qB 0 

2qB 0 


6. If the magnetic field now extends up to * = 2.1 L, the 
final velocity of the particle when it emerges out of 
the region of magnetic field will be 

(a) i> 0 i (b) - v a i 

A 

(c) » 0 j (d)-T’oj 
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In Q. 6, the time spent by the particle in the magnetic 
field is 

2 n/n 

00 '* 

... slnm 

b) t= - 

qB 0 

, v y/3nm 

(c) t= - 

2 qB 0 

nm 

( d )?- n 


Solutions 


4. The force experienced by the charged particle is 
given by 

F = q(\ x B) = q(v 0 i ) x (B 0 k ) 

= qv^B^i i X k ) 

= ^o fi o(-j) (•) 

The force is along the negative ^-direction, which is 
choice (b). 

5. Refer to Fig. 13.79. 


B = B 0 k (out of page) 



The particle describes a circle of radius 


r = 


mv, 


qB ( 


( 2 ) 


Since the particle emerges from the region of the 
magnetic field with the velocity vector making an 
angle of 30° with the initial vector, it follows from 
triangle ABC that 

AB = AC sin 30° 


or 


m v a sin 30° 

L = r sin 30° = --- 

<7 s o 


•”Vq 

2 qB 0 



Thus the correct choice is (c). 

6. Comparing (2) and (3) we find that r = 2 L. Since 
the magnetic field now extends up to x = 2. 1 L, the 
particle will continue to move in a circular path till 
it completes half the circular path and emerges out 


of the region of the magnetic field with a velocity 

A 

-v 0 i moving along the negative x-axis as shown in 
Fig. 13.80. 



Fig. 13.80 

7. Distance travelled by the particle in the magnetic 
field = half the circumference = nr. Therefore, time 
spent in the magnetic field is 

nr n m 

t = — = — [Use Eq. (2)] 

l) o <y £ 0 

So the correct choice is (d). 


Questions 8 to 11 are based on the following passage. 


Passage III 

A wire loop consists of a straight segment AB and a circular 
arc ACB of radius r. The segment AB subtends an angle of 
60° at the centre O of the circular arc. The wire loop carries 
a current / in the clockwise direction (Fig. 13.81). 


C 



8. The magnetic field /?, at O due to the straight segment 

2-Jln r 

BqI 
4nr 


AB is 


w 1°' 

(b) 

2 nr 

(O 

( } lEnr 

(d) 
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9. The magnetic field B 2 at O due to the circular arc 
ACB is 


w 

12 r 

3 


2 r 

IN' 


10. The net magnetic field B at O due to the whole wire 
loop is 

(a) B = B { + B 2 (b) £ = 


(c) B = Jb r + B ? 


(d) B = Jb; - B , 2 


11. The direction of the magnetic field B is 

(a) parallel to the plane of the coil 

(b) perpendicular to the plane of the coil and directed 
out of the page 

(c) perpendicular to the plane of the coil and directed 
into the page 

(d) inclined at an angle of 60° with the plane of the 
coil 

T'/~4 Solutions 

'V'' 

8. As shown in Fig. 13.82, the magnetic field at O due 

to current / in AB is given by (use Biot-Savart law) 


/ a \p\ 

r / x \r 

/ i \ 

7 \ 

7 \ 

A / 1 < 'B 

/ 

Fig. 82 

llJ 

B ab = — (sin a + sin fi) 

Here a = /? = 30°. Also x = r cos a = r cos 30° = 


Therefore, 


Vo 1 


B, = - 7 = - x (sin 30° + sin 30°) 

1 4n x v3r/2 

A*o 7 AV 

= ^; x(0 - 5+0 - 5)= ^;’ 
which is choice (c). 

The direction of the field is perpendicular to the 
plane of the paper directed into the page. 

9. The magnetic field at the centre of a complete (n = 1 
turn) circular loop of radius r and carrying a current 
/ is , 

„ /m 7 


Here loop ACB is a fraction of a circle, i.e. n< 1. Since 
ACB subtends an angle (360° - 60°) = 300° at O, 
hence the fraction n is 

_ 300^ _ 5 

11 ~ 360° ~ 6 

Therefore, magnetic field due to arc ACB is 

„ 5/V 

B -~ ~2r * I2r 


As the current in ACB is clockwise, the direction of 
the magnetic field is perpendicular to the plane of the 
paper and directed into the page. 

The correct choice is (a). 

10. Since B\ and B 2 are in the same direction, the net 
field is B = (Z?j + B 2 ), which is choice (a). 

11. The correct choice is (c). 

Questions 12 to 15 are based on the following passage. 

Passage IV 

A moving coil galvanometer consists of a coil of N turns 
and area A suspended by a thin phosphor bronze strip 
in radial magnetic field B. The moment of inertia of the 
coil about the axis of rotation is I and C is the torsional 
constant of the phosphor bronze strip. When a current / is 
passed through the coil, it deflects through an angle Q (in 
radian). 

12. Choose the correct statement from the following. 
The magnitude of the torque experienced by the coil 
is independent of 

(a) N (b) B 

(c) / (d) / 

13. The current sensitivity of the galvanometer is 
increased if 

(a) N , A and B are increased and C is decreased. 

(b) N and A arc increased and B and C arc decreased 

(c) A, B and C are increased and A is decreased 

(d) N, A , B and C are all increased. 

14. When a charge Q is passed almost instantly through 
the coil, the angular speed co acquired by the coil is 


NAB 


BAQ 


QI NI 

(c) NAB Q (d) NAQI 

1 B 

15. In Q. 14, the maximum angular deflection (in radian) 

of the coil is 


(a) 0 m ax=<*>J— 


(b) 0, 


= —yflco 

c 


(c) e m3X = i\ - 


(<•) 0max = "V7C 
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Solutions 

12. The magnitude of torque experienced by the coil is 
given by 

r= iNAB sin a 

where a is the angle which the normal to the plane 
of the coil makes with the direction of the magnetic 
field. If the magnetic field is radial, the plane of the 
coil is always parallel to the direction of the magnetic 
field, i.e. a = 90°. Hence T= iNAB = Ki where 

K = NAB 

So the correct choice is (d). 

13. Let 6 be the angular deflection (in radian) when a 
current / is passed through the coil. Then, restoring 
torque = CO. When the coil is in equilibrium, 
deflecting torque = restoring torque, i.e. 

iNAB = CO 



0 NAB 

Current sensitivity is — = “ — 

/' C 

Hence the correct choice is (a). 

14. If (O is the angular speed acquired by the coil when a 
charge Q is passed through it for very short time At , 
then 

angular momentum 1(0 

T = [ \ 

time interval At 


or ho= r A t = KiAt = KO 


/ = 


Q 

At 


NABQ 

or 1(0 = NABQ or (0 = —-— , which is choice (c). 

15. From the principle of conservation of energy, we 
have 

1 , 1 , 

2 1°^ ~ 2 C9 max 


which gives 0 max = (0 /_ , which is choice (a). 

C 


3 

Assertion-Reason Type Questions 

SECTION 


In the following questions. Statement-1 (Assertion) is followed 
by statement-2 (Reason). Each question has the following 
four options out of which only one choice is correct. 

(a) Statement-1 is True, Statement-2 is True and 
Statement-2 is a correct explanation for 
Statement-1. 

(b) Statement-1 is True, Statement-2 is True; but 
Statement-2 is NOT a correct explanation for 
Statement-1. 

(c) Statement-1 is True, Statement-2 is False. 

(d) Statement-1 is False, Statement-2 is True. 

1. Statement-1 

Anon-uniform magnetic field that varies in magnitude 
from point to point but has a constant direction, is set 
up in a region of space. If a charged particle enters 
the region in the direction of the magnetic field, it 
will be accelerated at non-uniform rate in the region. 
Statement-2 

The force F experienced by a particle of charge q 
moving with a velocity v in a magnetic field B is 
given by F = q{ v x B ). 


2. Statement-1 

A charged particle moves in a uniform magnetic field 
for some time. During this time, the kinetic energy 
of the particle cannot change but its momentum can 
change. 

Statement-2 

The magnetic force is always perpendicular to the 
velocity of the particle. 

3. Statement-1 

A current carrying loop is free to rotate. It is placed 
in a uniform magnetic field. It will attain equilibrium 
when its plane is perpendicular to the magnetic field. 

Statement-2 

The torque on the coil is zero when its plane is 
perpendicular to the magnetic field. 

4. Stateinent-1 

An electron moving in the positive jc-direction enters 
a region where uniform electric and magnetic fields 
exist perpendicular to each other. The electric field 
is in the negative ^-direction. If the electron travels 
undefiected in this region, the direction of the magnetic 
field is along the negative z-axis. 
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(d) a paramagnetic material becomes ferromagnetic. 

12003] 

11. A current i flows along an infinitely long straight thin 
walled tube of radius r. The magnetic field inside the 
tube is 

(a) infinite (b) zero 

(c) (d) — |2004] 

2 nr r 

12. A long wire carries a steady current. It is bent into a 
circle of one turn and the magnetic field at the centre 
of the coil is B. It is then bent into a circular coil of 
/? turns. The magnetic field at the centre of the coil 
will be 

(a) nB (b) n 2 B 

(c) 2nB (d) 2 r?B [2004] 

13. The magnetic field due to a current carrying circular 
loop of radius 3 cm at a point on the axis at a distance 
4 cm from the centre is 54 |iT. What will be its value 
at the centre of the loop? 

(a) 250 jiT (b) 150 jiT 


(c)125pT (d) 75 (iT [2004] 

14. Two long conductors, separated by a distance cl , carry 

currents /, and I 2 in the same direction. They exert a 
force F on each other. Now the current in one wire 
is increased two times and its direction is reversed. 
The distance between wires is also increased to 3 d. 
The new value of force between them is 

(a) - 2 F (b) L 

3 

^ p y 

(c) (d) -y |2004] 


15. The length of a magnet is large compared to its width 
and breadth. The time period of its oscillation in a 
vibration magnetometer is 2s. The magnet is cut 
along the length into three equal parts and the three 
parts arc then placed on each other with their like 
poles together. The time period of this combination 
will be 


(a) 2s 
(c) 2%/J s 


(b) 

%/ 

<d) 3 s 


[2004] 


16. The materials suitable for making electromagnets 
should have 

(a) high retentivity and high coercivity 

(b) low retentivity and low coercivity 

(c) high retentivity and low coercivity 

(d) low retentivity and high coercivity [2004] 


17. Two thin long parallel wires separated by a distance 
d carry a current / in the same direction. They will 


•2 


(a) attract each other with a force of J-9- 

(2nd) 


(b) repel each other with a force of 


Bo 1 


•2 


(2nd) 


(c) attract each other with a force of 


(d) repel each other with a force of 


TV 


;2 


(2nd 2 ) 


Bo' 


:2 


(2nd -) 


[2005] 


18. Two concentric coils each of radius equal to 2k cm 
are placed at right angles to each other and carry 
currents of 3A and 4A. The magnetic field (in 
Wb m ") at the centre of the coils will be (p 0 = 
4JTX KT 6 Wb A -1 m ') 

(a) 12 x 1(T 5 (b) 10“ 5 

(c) 5x10 5 (d) 7x10 5 |2005] 

19. A uniform electric field and a uniform magnetic 
field are acting along the same direction in a certain 
region. If an electron is projected along the direction 
of the fields with a certain velocity, then 

(a) its velocity will decrease 

(b) its velocity will increase 

(c) it will turn towards right of its initial direction of 
motion 

(d) it will turn towards left of its initial direction of 

motion [2005] 

20. A charged particle of mass m and charge q travels 
in a circular path of radius r that is perpendicular to 
magnetic field B. The time taken by the particle to 
complete one revolution is 


(a) 

2 Kmc/ 

B 

( b) 2kc * 2b 
m 


(c) 

2nqB 

m 

2k m 

< d) « 
qB 

[2005] 


21. A magnetic needle is kept in a non-uniform magnetic 
field. It experiences 

(a) a torque but no force 

(b) neither a torque nor a force 

(c) a force as well as a torque 

(d) a force but no torque [2005] 

22. In a region, steady and uniform electric and magnetic 
fields arc present. These two fields arc parallel to 
each other. A charged particle is released from rest 
in this region. The path of the particle will be a 

(a) ellipse (b) circle 

(c) helix (d) straight line [2006] 
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23. Needles N ,, N 2 and iV 3 are made of a ferromagnetic, 
a paramagnetic and a diamagnetic substance, 
respectively. A magnet when brought close to them 
will 


(a) attract N ] strongly, but repel N 2 and iV 3 weakly 

(b) attract all three of them 

(c) attract /V, and N 2 strongly but repel N 3 

(d) attract strongly, N 2 weakly and repel jV 3 

weakly [2006] 

24. A long solenoid has 200 turns per cm and carries 
a current /. The magnetic field at its center is 
6.28 x 10 2 weber/m 2 . Another long solenoid has 100 
turns per cm and it carries a current i/3. The value of 
the magnetic field at its center is 

(a) 1.05 x 10 3 weber/m 2 

(b) 1.05 x 10 4 weber/m 2 

(c) 1.05 x 10 weber/m 2 


(d) 1.05 x 10 5 weber/m' 


|20061 


25. A long straight wire of radius a carries a steady 
current /. The current is uniformly distributed across 

its cross-section. The ratio of the magnetic field at — 


and 2a is 

(c) 1 


(b) 4 
1 

(d) - 


12007] 


26. A current / flows along the length of an infinitely 

long, straight, thin walled pipe. Then 

(a) the magnetic field is zero only on the axis of the 
pipe 

(b) the magnetic field is different at different points 
inside the pipe 

(c) the magnetic field at any point inside the pipe is 
zero 

(d) the magnetic field at all points inside the pipe is 

the same, but not zero [2007] 

27. A charged particle with charge q enters a region 

of constant, uniform and mutually orthogonal field 

E and # with a velocity v perpendicular to both 


and B , and comes out without any change in 
magnitude or direction of v • Then 


, v - ExB 
(a) v = -— 

B 2 

f . “ ExB 
(c) v = 


E 2 


- BxE 

(b) v = -_ 

B 2 

- ExB 
(d) v = —— 


120071 


28. A charged particle moves through a magnetic field 
perpendicular to its direction. Then 
(a) the momentum changes but the kinetic energy is 
constant 


(b) both momentum and kinetic energy of the particle 
are not constant 

(c) both, momentum and kinetic energy of the 
particle are constant 

(d) kinetic energy changes but the momentum is 

constant. [2007] 


29. Two identical conducting wires AOB and COD 
are placed at right angles to each other. The wire 
AOB carries an electric current /, and COD carries 
a current I 2 . The magnetic field on a point lying at a 
distance d from O , in a direction perpendicular to the 
plane of the wires AOB and COD , will be given by 

l 


(a) Bo_ 


/i +/, 


(c) 


In 

Bo 


2nd 


(/, + 1 2 ) 


(b) 


(d) 


Bo 

2nd 

Bo 

2nd 


(/i 2 +/ 2 2 )* 


(V+V) 


[2007| 


30. A horizontal overhead powerline is a height 
of 4m from the ground and carries a current of 
100 A from east to west. The magnetic field directly 
below it on the ground is (jl 0 = An x 10 T m A ’) 

(a) 2.5 x 10" T northward 

(b) 2.5 x 10" T southward 

(c) 5 x 10" 6 T northward 

(d) 5 x 10" 6 T southward [2008| 

31. Relative permittivity and permeability of a material 
arc e r and Bn respectively. Which of the following 
values of these quantities are allowed for diamagnetic 
material? 


(a) £ r = 1.5, B r = 1.5 (b) £,. = 0.5, /J r = 1.5 

(c) £ r = 1.5, /i r = 0.5 (d) £ r = 0.5, fJ r = 0.5 

|2008| 

Questions 32 and 33 are based on the following 
paragraph. 

A current loop A BCD is held 
fixed on the plane of the paper 
as shown in the figure. The arcs 
BC (radius = b) and DA (radius 
= a) of the loop are joined by 
two straight wires AB and CD. 

A steady current I is flowing 
in the loop. Angle made by AB 
and CD at the origin O is 30°. 

Another straight thin wire with steady current /, flowing 
out of the plane of the paper is kept at the origin. [20091 

32. The magnitude of the magnetic field (B) due to the 
loop A BCD at the origin (()) is 




Hof b-a 
4n ab 
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(b) 


/V 


4tc 
(c) zero 

/V ( h -«) 


[2 (b -a) + nil (a + A)] 


(d) 


24aA 


12009] 


33. Due to the presence of the current /, at the origin: 

(a) The magnitude of the net force on the loop is 
given by 


v 

4 K 


H 0 [2(b - a) + k !3 (a + /?)] 


(b) The magnitude of the net force on the loop is 

given by (b - a). 

2Aab 

(c) The forces on AR and DC arc zero. 

(d) The forces on AD and BC are zero. [20091 

34. Two long parallel wires are at a distance 2d apart. 

They carry steady equal current flowing out of 
the plane of the paper as shown in the figure. The 
variation of the magnetic field along the line XX' is 
given by 



X' 



X' 


B 



X' 



X' 


| 2010 | 


35. A thin flexible wire of length L is connected to two 
adjacent fixed points and carries a current / in the 
clockwise direction, as shown in the figure. When 
the system is put in a uniform magnetic field of 


strength B going into the plane of the paper, the wire 
takes the shape of a circle. The tension in the wire is 


xxxxxxxx 



B 


IBL 


(a) IBL 

(b) - 

K 

IBL 

(c) ~ 

2k 

(d) !EE |2oioi 

4/r 

A current I flows in an infinitely long wire with cross- 
section in the form of a semicircular ring of radius R. 
The magnitude of magnetic field along its axis is 

<.) 

n 2 R 

<b) 2k 2 R 

, , /V 

L) 2nR 

«n 4 "; s I20.H 


37. A charge O is uniformly distributed over the surface 
of non-conducting disc of radius R. The disc rotates 
about an axis perpendicular to its plane and passing 
through its centre w ith an angular velocity (O. As a 
result of this rotation a magnetic field B is obtained at 
the centre of the disc. If we keep both the the amount 
of charge placed on the disc and its angular velocity 
to be constant and vary the radius of the disc, then 
the variation of the magnetic field at the centre of the 
disc will be represented by which of the following 
figures. 




(a) 


(b) 




(c) 


(d) 


[ 2012 | 
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38. Proton, dcutcron and alpha particle of same kinetic 
energy are moving in circular trajectories in a constant 
magnetic field. The radii of proton, deuteron and 
alpha particle are, respectively, r p , r d and r a . which 
one of the following relation is correct? 

(a) >'a = r p= r d (b) r n = r p = r d 

(a) r„ = r p = r d (b) r a = r p = r d [2012] 

39. A loop carrying current / lies in the x-y plane as 
shown in the figure. The unit vector k is coming out 
of the plane of the paper. The magnetic moment of 
the current loop is 

y 



(a) a 2 I k 
(c) - 

V 2 ) 

120121 

40. An infinitely long hollow conducting cylinder with 
inner radius R/2 and other radius R carries a unifrom 
current density along its length. The magnitude of 

the magnetic field, 5 as a function of the radial 
distance r from the axis is best represented by 



(a) 



(b) 


\B\ 



(c) 



(d) 


[20121 


41. This question has statement 1 and statement 11. Of 
the four choices given after the statement, choose the 
one that best describes the two statements. 


Statement-1 : Higher the range, greater is the 
resistance of ammeter. 


Statement-U : To increase the range of ammeter, 
additional shunt needs to be used across it. 

(a) Statement-I is true, Statement-II is true, 
Statement-II is not the correct explanation of 
Statement-I. 

(b) Statement-I is true, Statement-II is false. 

(c) Statement-I is false, Statement-II is true. 

(d) Statement-I is true, Statement-II is true, Statment- 
II is the correct explanation of statement-I 

[20131 

42. Two short magnets of length 1 cm each have magnetic 
moment 1.20 A nr and 1.00A m , respectively. They 
are placed on a horizontal table parallel to each other 
with their N poles pointing towards the South. They 
have a common magnetic equator and are separated 
by a distance of 20.0 cm. The value of the resultant 
horizontal magnetic field at the mid-point O of the 
line joining their centres is close to (horizontal 
component of earth’s magnetic induction is 
3.6 x 10 5 Wb/m 2 ) 

(a) 2.56 x 10^ Wb/m 2 (b) 3.50 x 10 4 Wb/m 2 

(c) 5.80 x 10^ Wb/m 2 (d) 3.60 x 10 5 Wb/m 2 

[2013] 

43. A particle is acted upon by a force of constant 
magnitude which is always perpendicular to the 
velocity of the particle. The motion of the particle 
take place in a plane. It follows that 

(a) its velocity remains constant 

(b) it moves in a straight line with a constant 
acceleration 

(c) it moves in a circle with a constant acceleration 

(d) its kinetic energy remains constant 

[2014) 


Copyrighted material 










13.52 Complete Physics—JEE Main 



Answers 


1. (a) 

2. (a) 

5- (b) 

6. (a) 

9. (d) 

10. (a) 

13. (a) 

14. (c) 

17. (a) 

18. (c) 

21. (c) 

22. (d) 

25. (c) 

26. (c) 

29. (b) 

30. (d) 

33. (d) 

34. (a) 

37. (a) 

38. (b) 

41. (c) 

42. (a) 

CM 

Solutions 


Pol 

1. B 4 = — and B 
A 2 R 


3. (a) 

4. (c) 

7. (b) 

8. (a) 

11. (b) 

12. (b) 

15. (b) 

16. (c) 

19. (a) 

20. (d) 

23. (d) 

24. (c) 

27. (b) 

28. (a) 

31. (c) 

32. (d) 

35. (c) 

36. (b) 

39. (b) 

40. (d) 

43. (d) 



a o(2Q 

2(2/?) 


£ 


^ _ 


£ 


= 1 


z* 


2. The radius of the circular path is 

mv p 

r = ~ => r = ~; p = mv. 


qB 


c/B ’ 


Since/;, <y, £ are the same for electron and proton, the 
value of r will be the same for both. Since the charge 
of an electron is opposite in sign to that of proton, the 
sense of revolution will be opposite. So the correct 
choice is (a). 


3. 


Time period T = 


2k m 


So the correct choice is (a). 


4. The component of ell parallel to wire 1 is ell cos 9. 
Hence the force on the element is 
F = B { i 2 dl cos 9 


where B , = magnetic field at the clement due to 

current in wire which is given by 


B 


i 


M 

2k r 



(/] i 2 dl cos 6) 


5. When a charged particle describes a circular path, 
the necessary centripetal force is provided by the 
magnetic force F. Since the velocity v is always 
tangential, vectors F and v are perpendicular to each 
other (0= 90°). 


Power = F • v = Fv cos 0 = Fv cos 90° = 0. Since 
power consumed is zero, the work done is zero. 

6. F = q{ E + v x B) 

Given E = -£k,v = i;i and B = B j 
¥ = q[-Ek +(v\)x(b})] 

= q(- E k + vB k ) = q (- E + vB) k 
Since the particle moves undeflected, F = 0, i.e. 

q (- E 4- vB) k = 0 
=> - E + vB = 0 

E 10 4 3 

=> B=- = -=10 T 

_ v 10 


7. T=2k 


MB 


where I = moment of inertia of the magnet about the 
axis of rotation which is 


1 = 


ml: 

Y2 


L = length of magnet. 


m = mass of magnet 

M = magnetic moment = pL (p = pole strength) and 
B is the magnetic field. 

If the magnet is broken into two parts, each of 

length L! 2, the pole strength p remains the same. 

The magnetic moment of each piece is 

L M 
M'=px - = — 

M 

Since the mass ot each piece is m = —, and length 
, L 

L = — , the moment of inertia of a piece is 




/' = 


m\V) 


”xf^ 

2 \2 


mL~ 


12 12 
Time period T' is 


8x12 


I 

8 


r = 2 k. 


r 


M’B 


= 2 K 


7/8 


2k I 


BM/2 


MB 


( 2 ) 


Dividing (2) by (1) 


r 

T 


2 


W = MB (1 - cos 9) 

MB 

= MB (1 - cos 60°)= - 

2 

MB = 2W 

Magnitude of torque is 
r = MB sin 9 

n /3 fs 

= 2 W sin 60° = 2 Wx — = W 

2 
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other. The vertical components add up to 2T sin (dO) 
because in the limit dd —» 0, they are coll inear. The 
magnetic force an element dx is F = B Idx vetically 
upward. 


F= Bldx 



For equilibrium, 

IT sin (dO) = Bl dx = B 1R (2 dB) 

Where R is the radius of the ring. For small dO. sin 
dO = dQ. 

Hence 2 Td0=2 B I RdO 

B1L 

=> T= B IR = —— (/. L = 2kR) 

2 n 

so the correct choice is (c). 


36. Divide the semi-circular ring into a large number of 
small elements consider an element of length dl. 



Therefore, current flowing through the element is 


dl = Xdl = XRdO . Magnetic field at O due to the 
element is 


dB = 


Hpdl 

kR 


H 0 hRdO 

kR 


B 0 XdO 

K 

The component of dB along the axis of the semi¬ 
circular wire is dB cos 0. Therefore, the magnetic 
field due to the complete wire is 


k!2 


B = J dB cos 0 


-n! 2 


n!2 


= I C os# dB 

71 -i/2 

_ _ Bo / 

2k 2k 2 R 

so the correct choice is (b). 


Q 


37. Charge per unit area of the disc is <7= ^ 2 • Divide 

The disc into a large number of concentric circular 
elements as shown in the figure. 



(dr « /*) 


Charge on the element is dq 


Q 2 O 

- fix 2 nr dr =-t x 2 nr dr = —— x rdr 


kR 


R 


The magnetic at O due to the element 

m ® HoMdq Hocox2Qrdr 

dB =- x — =-= - - - 

2 r 2 k 4 nr 4 nR'r 

_ Ho® Q dr 

2nR 2 

The magnetic field at O due to the complete disc is 
r , ^ R 

B =\ dB = wQ\ dr 

{ t 


= 

2nR 

Thus B °c — . so the correct graph is (a) 


38. 


r = 


2mk 


k = kinetic energy 


1 m 

r =kj— ; 
<7 


k = constant = 


2k 
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ELECTROMAGNETIC 
INDUCTION AND 
ALTERNATING CURRENTS 


Chapter 



REVIEW OF BASIC CONCEPTS 



1. Magnetic Flux 

The magnetic flux through any surface placed in a 
magnetic field is determined by the number of field lines 
that cut through that surface. The magnetic flux through a 
coil of area A in a uniform magnetic field B is defined as 

0 = B • A = B A cos 6 

where 0 is the angle between the normal to the plane of 
the coil and the magnetic field. If the coil has N turns, the 
magnetic flux through the coil is given by 

0 = N B A cos 0 

The SI unit of flux is called weber (Wb). 

For a curved surface, 

0 = J B dA 

2. Faraday's Laws of Electromagnetic Induction 

The magnitude and direction of induced cmf can 
be determined by the application of two laws of 
electromagnetic induction: (i) Faraday’s law, and (ii) 
Lenz’s law. 

Faraday’s Law of Electromagnetic Induction 

On the basis of various experiments, Faraday found that 

1. whenever magnetic flux linked with a circuit changes, 
an induced emf is produced in the circuit, 

2. the induced emf lasts as long as the change in the 
magnetic flux is taking place, and 

3. the magnitude of the induced emf is directly 
proportional to the rate of change of magnetic flux, i.e. 

d(b 
e °c — 

cit 


Lenz’s Law 

According to Lenz’s law, the direction of the induced 
emf is such that it always opposes the cause that has 
produced it. 

Thus 


e — — 


k 


c/0 

~dt 


where k is a positive constant whose value depends on the 
system of units. In SI system of units, k = 1 and one can 
write 

d 0 

€ ~~ ~dt 


Magnitude of induced emf is \e 


d 0 
~dt 


If 0 is the flux through one turn of a coil, then for a coil 
of N turns 



= N 


d 0 
~dt 


The magnitude of the induced current is given by 


induced emf 

1 

c/0 

total resistance of circuit 

R 

dt 


The direction of induced current is obtained by Lenz’s law. 
Flow of Induced Charge 

When a current is induced in a circuit due to change in 
magnetic flux, induced charge q flows through the circuit. 



change in flux 
Resistance 
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(iv) When a disc of radius R is rotated about its centre 
with angular velocity co in a magnetic field B as 
shown in Fig. 14.8(b), the emf induced between its 
centre O and a point P on its rim is given by 

e = — BcoR 2 
2 

5. Electric Motor 

When a current is passed through a coil placed in a 
magnetic field by connecting its end to a source of voltage 
V, it experiences a torque which rotates it. As a result, an 
emf e is induced in it. This emf is called back emf as it 
opposes the applied voltage V (from Lenz’s law). If R is 
the resistance of the coil, then current in it is 

V-e 


i = 


R 


Input power = Vi and heat loss = i~R. Hence output power 
= Vi - i 2 R = ei. 

ci e 

Efficiency of motor rj = — = — 

Vi V 

Some important points about a d.c. motor 

(i) Back emf e and hence current / vary sinusoidally 
even if the source of voltage V is a d.c. (battery). 

V 

(ii) When output power is maximum, e = — and r\ = 50%. 

(iii) Initially, i.c. when the motor is switched on, e = 0 
and initial current = ViR which is very large. So, for 
safety, a starter is used. 

(iv) At full speed, back emf is maximum and current / is 
minimum. 

© EXAMPLE 1 A straight metal wire of length L, 
cross-sectional area a and resistivity p is made into a square 
frame. A uniform magnetic field B is perpendicular to the 
plane of the frame and is changing at a constant rate dB/dt. 
The current induced in the frame is 


La dB 


(a) 

La dB 

p dt 

(b) 

(c) 

La dB 

(d) 

8 p dt 


4 p dt 

La dB 
16 p dt 


SOLUTION Side of frame = — . Area of frame is 

4 


A = Z.716. Magnitude of induced emf is 


d(f> d , AD , A dB L~ dB 
\e\ = — = — (AB) = A- 

dt dt dt 16 dt 


Resistance of frame is R = 


pL 


a 


_ . , e La dB 

Induced current= — =- 

R 16 p dt 


EXAMPLE 2 A square metal frame PQRS of side 
15 cm and resistance 1.0 £2 is moved with a speed of 4/3 
cm s 1 in a uniform magnetic field B = 2.0 T which is 
perpendicular to the plane of the frame as shown in Fig. 
14.9. The frame is connected to a network of resistances 
as shown. The current induced in the frame is 


(a) 1 mA 
(c) 3 mA 


(b) 2 mA 
(d) 4 mA 


X 


X 


X X 


B 


Q 



Fig. 14.9 

SOLUTION Equivalent resistance of the network 
between P and S is given by 


1 111 

- — —l-1— 

/? eq 4 2 4 


* eq = 1 n 


Total resistance R = 1 + 1 = 2 Q 
Magnitude of emf induced in the frame is 

\e\ = B l v 

= 2.0 x 0.15 x f ^ x 10~ 2 1 = 4 x 10 -3 V 

\e\ 4 x 1 (T 3 V „ , . a 

.*. Induced current = — =-——-= 2x10 A 

R 2 Q 

= 2 mA 

© EXAMPLE 3 A square coil PQRS of resistance 
2 £2, 100 turns and side 10 cm is placed in a magnetic field B 
= 2.0 T. The direction of the magnetic field is perpendicular 
to the plane of the coil as shown in Fig. 14.10. The work 
done is pulling the coil completely out of the region of 
magnetic field in 2.0 s without any acceleration is 


(a) 0.01 J 
(c) 1.0 J 


(b) 0.1 J 
(d) 10 J 
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This is the magnetic field threading the coil. The direction 
of the field is parallel to the axis of the solenoid. Hence 
angle between the normal to the plane of the coil and the 
magnetic field is 6= 0°. If A is the cross-sectional area of 
the coil and N the number of turns in it, then the magnetic 
flux threading the coil is 

& = NAB cos 6 = NAB cos 0° = NAB = Njrr 2 p 0 nl 

Since the coil is wrapped closely around the solenoid, the 
radius of the coil (r) = radius of solenoid = 0.1 m. 

Change in flux if the current change from /, = 0 to 
1 2 - 2 A is 

A0 = Nnr 2 p 0 n (/ 2 -/,) 

= 100 x(ix0.1 2 )x (47rx 10 7 )x500x( 2-0) 
= 4 r'x 10 4 Wb 


Induced emf<? = 




At 


An 2 xlO" 4 


10 


-3 


= 0.4/r = 3.95 V 


EXAMPLE 7 The magnetic flux through a coil of 
resistance 6.5 Q placed with its plane perpendicular to a 
uniform magnetic field varies with time t (in second) as 

0 = (3 1 2 + 5/ + 2) milliweber 
Find the induced current in the coil at t = 10 s. 


SOLUTION 


M = ^ = A. (3/ 2 + 5/ + 2) 
dt dt 

= (6/+ 5) MV. 

At t = 10 s, e = (6 x 10 + 5) mV = 65 x 10“ 3 V 
Induced current at t = 10 s is 

,-3 


£ = 65x10 
R 6.5 


= 10~ 2 A 


EXAM PLE 8 A metal wheel with 8 metallic spokes, 
each 60 cm long is rotated at a speed of 100 rev./min in a 
plane perpendicular to earth magnetic field of 0.3 xl0 4 T. 
Find the magnitude of the induced emf between the axle 
and the rim of the wheel. 

SOLUTION v = 100 rev./min. = — = - rev./s 

60 3 

/ = 0.6 m. The emf developed between the ends of a spoke 
is (as (0 = 2nv) 

e = — Bl~ a) 

2 

= I x (0.3 x 10 4 ) x (0.6) 2 x (2 7TX |) 
= 1.87TX 10 5 V = 5.65 x 10 5 V 



The same emf is induced between the ends of each spoke. 
It is clear from Fig. 14.12 that the spokes are joined in 
parallel. Hence the emf between rim and axle = emf across 
each spoke = 5.65 x 10 ^ V. 

@ EXAMPLE 9 An aircraft with a wing span of 50 m 
is flying with a speed of 1080 kmh -1 in the eastward 
direction at a constant altitude at a place where the vertical 
component of earth's magnetic field is 2 x 10 " T. Find the 
emf developed between the tips of the wing. 

SOLUTION V = 1080 kmh' 1 = 300 ms' 1 

e = Blv = (2 x 10' 5 ) x 50 x 300 = 0.3 V 

EXAMPLE 10 A circular coil of mean radius r and 
having N turns is kept in a horizontal plane. A magnetic 
field B exists in the vertical direction as shown in Fig. 
14.13(a). Find the emf induced in the loop 


x 


x 


x- 


B 

X 



X X X X 

Fig. 14.13(a) 

(a) if it is held stationary and the magnetic field is 
uniform, 

(b) if it is held stationary and the magnetic field is 
non-uniform, 

(c) if it is rotated w ith an angular velocity (O about 
an axis passing through its centre and perpen¬ 
dicular to its plane, and the magnetic field is 
uniform. 

(d) if it is rotated with an angular velocity co about 
its diameter. Assume that the normal to the 
plane of the coil makes an angle 0=0 with the 
magnetic field at time t = 0. 

(e) if the coil is a square of side L and is rotated 
about its diameter. 

SOLUTION The emf is induced if the magnetic 
flux through the coil changes with time. 

(a) In this case there is no change in magnetic flux with 
time, hence no emf induced. 
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x 


x 


x 



x 


Fig. 14.13(b) 


(b) In this case also the magnetic flux through the coil 
does not change with time, hence no emf induced. 

(c) In this case, the number officld lines B 

through the coil does not change 
with time, hence the magnetic 
flux does not change with time. 

So no emf is induced in the coil 
(see Fig. 14.13(b)) 

(d) If the coil is rotated about a 
diameter, as shown in Fig. 14.13(c), 
there is a change in magnetic flux 
with time. Hence emf will be 
induced in the coil. Area of the 
coil is A = 7tr . If the normal to the 
plane of the coil makes an angle 
6 = 0 with the magnetic field, at 
times t = 0 then at time t, 6= cot. 

The magnetic flux at this time is 

<p = NBA cos 6 = NBA cos cot 
. Induced emf is 


x 


X 


X 


X 



X 


X 


X 


Fig. 14.14(c) 


e 


deb d 

=- (NBA cos cot) 

dt dt 


= coNBA sin cot 


= coNB xnr 1 sin cot 


= nNrBco sin cot 

(e) If a square coil of side L and N turns is rotated about 
a diameter as shown in 14.13(d), there is a change in 
magnetic flux with time. Hence emf will be induced 
in the coil. Area of the coil is A = L~. If the normal to 
the plane of the coil makes an angle 0=0 with the 
magnetic field at time t = 0, then at time /, 0 = cot. 
The magnetic flux at this time is 


X 

X 

X 

X 

xi 

i 

✓ 

✓ 

/ 

/ 

X 

X 

X 

* 

* 

* 

* 

X 

X 

X 


Fig. 14.13 



I 

0 

X/ 
* 

X 

X 

X 


B 


X 

X 

X 

X 

X 


(p = N B A cos 0 
= N B L~ cos (cot) 


. Induced emf is 


e = -—= NBL 2 cosin(cot) 
dt 

Thus, as in case (d) above, an alternating emf is induced 
in the coil 


(Q EXAMPLE 11 A metal rod PQ of length L is moved 
with a velocity v making an angle 0 with a uniform magnetic 
field B as shown in Fig. 14.14. Obtain the expression for 
the emf induced between the ends of the rod. 


X 

X 

X 

X 

X 



X 

X 

X 

X 

X 


Fig. 14.14 


SOLUTION The component of velocity v perpen¬ 
dicular to the length of the rod is 


= v sin 0 

Only the perpendicular component induces an emf in the 
rod. Since the magnetic field is perpendicular to the plane 
of motion, the emf induced between the ends of the rod is 


e = B l v ± = B I v sin 0 

Q EXAMPLE 12 A metal rod PQ moves with a 
velocity v parallal to a very long straight wire CD carrying 
a current / as shown in Fig. 14.15. The ends P and Q of 
the rod are at distances a and b from the wire as shown. 
Obtain the expression for the emf induced between the 
ends of the rod. 


C 



Fig. 14.15 


D 


SOLUTION Divide the rod into a large number of 
very small elements, each of length dx. Consider one such 
element at distance jc from wire CD as shown in Fig. 14.16. 
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v OB 


I? 


Fig. 14.16 

The magnetic field at the element due to current / in wire 
CD is 

2 KX 

The direction of the field is upwards perpendicular to 
velocity v. The magnitude of magnetic field is different 
at different points on the rod PQ. From Fleming’s L.F1. 
rule, the free electrons in the rod will experience force 
in the direction P to Q. So free electrons move from P to 
Q. Hence end P acquires a positive charge (due to loss of 
electrons) and end Q acquires a negative charge (due to 
gain of electrons). 

Force on the element is 


dF = qvB = qv x 


2k x 


Therefore, electric field set up in the element is 

dE = dF_ = qvHpI = 


2 Kxq 


2 KX 


Now 


d E=- d -C 

dx 


=> dV =- dE x dx = - dx 

2 KX 

where dV is the voltage induced in the element. The voltage 
induced in the rod PO is 


\V\ = 


PoIv\dx = /i 0 Iv x (b 
2k J x 2k v <7 


vQ EXAMPLE 13 A metal rod PO of length / slides 
with a velocity v on two parallel rails AB and CD parallel 
to a long straight wire XY carrying a current / as shown 
in Fig. 14.17. A resistance R is connected between the 
rails as shown. The velocity of rod PO is kept constant by 
applying force. 

(a) Obtain the expression for the current induced in 
resistance R. 

(b) Obtain the expression for the force to be applied on 
rod PO to keep its velocity constant at v. 


It 


— B 
v OB 

-D 


Fig. 14.17 

Q SOLUTION In this case the induced emf is due to 
change in magnetic flux which is due to the change in the 
area of ACPQ with time. 


| R 

n 

/ 

1 


J 


Fig. 14.18 

Magnetic flux through an infinitesimal area element of 
width dx at a distance x from PQ is [Fig. 14.18] 

d<& = BdA = Brdx = dx 

2 KX 

where r is the position of PQ at an instant of time t. 
Magnetic flux through ACPQ is 

(o+l) r 

cj)= \J0= [ 

J J 2 KX 


O+i) 


= r ffr = Ho Ir Xn [ a+ l 

J v 


a ) dt 


Induecd emf e - ^ - SsL 




dr 

*.* V = — 

, dt 


(a) Current induced in R is 

i-L- 

R 2kR V a 


(b) This current will exert a force on the element of width 
dx which is given by 

dF = Bidx = — idx 


2 KX 


Force to be applied on PQ is 
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F 


= \dF = 


j. (a+l) , 

_ p^h_ r dx 
2 k x 


= Ball J a + l 


Xa+D 


2 n 2 kR 


a 


a 


r dx 
x 


V 

R 


*l b (S±L 

I2x l a U 


n2 


EXAMPLE 14 A metal rod PQ of length / slides on 
two parallel rails AB and CD, each rail having a resistance 
k per unit length. The rod and the rails are in a region of 
a uniform magnetic field B directed into the plane of the 
paper as shown in Fig. 14.19. A resistance R is connected 
between the rails. A variable force F is applied to PO so 
that it is accelerated to the right. Obtain the expression for 
the velocity v of rod PQ when it is at a distance* from R. 


Q 


B ® 


X 


X 

x' 




X 


> X 

> 

X 

J 



X 


— 

V 

X 

< 

X 

X 

> 



X 

X 

\ 

C x 

x / 

D 

X 



1-4-X - 





D 


Fig. 14.19 

SOLUTION Magnetic 11 ux through ACPQ when 
the rod is at a distance * from R is 


(p= BA = Blx 

Induced emf at that instant is 

d(p 


e = 


dt 


= B1 — = Blv 
dt 


Resistance o i'ACPO = R + 2kx. Therefore, current induced 
in the circuit is 


Blv 


t = 


v = 


(/? + 2kx) (R + 2kx) 
i(R + 2kx) 

bF 


EXAMPLE 15 A metal rod PO of mass m and of 
negligible resistance slides on two parallel metal rails AB 
and CD separated by a distance /. The rails have negligible 
resistance and have a resistance R connected between them 
as shown in Fig. 14.20. The rod and the rails are located in 
a region of uniform magnetic field direction into the plane 
of the loop ACPQ. The rod is given an initial velocity u. 
Obtain the expression for the distance * covered by the 
rod before it comes to rest. Neglect friction between the 
rod and the rails. 


B® 

Q 


x 

X 

X 

X 


R 


x>^ 

x j 


X 

< X 

X 

t 

! 


T x 

X 

r 

X 

' X 

x l 

3 X 


B 


D 


Fig. 14.20 


SOLUTION Induced currnet / = 


Force F = Bil = - ma = - m 


Bvl 

R 

dv 

~dt 


The negative sign shows that force opposes the acceleration 
(Lenz’s law) 


dv _ Bvl 
m — = - B x - x / 


dt 


R 


2_. # 2 


dv 


V 


where 


k = 


B vl 
R 


B 2 ! 2 

mR 


B 2 ! 2 

mR 


dt = -kdt 


C' I I 

Intergrating [ — = -k\ dt 
j v J 


In I — I =-kt 

M 


V _- kt 
— — e 
u 


v = ue kt 


dx 

~dt 


= ue ~ kt 


The rod comes to rest when t 
Integrating 


= oo 


.K oo 

\dx = u J e~ kt dt 


u \ -ktr 
X = - -\e lo 

k 

umR 




x = 


B 2 ! 2 
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a If the medium is different from air, p () in above 
expressions is replaeed by p = p 0 where p r is 
Note the relative permeability of the medium. 


7. Self Inductance 

If / is the instantaneous current in a coil, flux 0 = Li , 
where L is the self inductance of the coil. Induced emf 



(i) The self inductance of a coil of N turns, cross- 
sectional area A and length / is given by 

L _ Ho" 2 A 
l 

(ii) Direction of induced emf is such that it opposes the 
change in current (Fig. 14.26(a) and (b)) 

e m -o o-► e 

— o o > » nnnnnnnp— o 


/increasing -► 


i decreasing 


(a) (b) 

Fig. 14.26 

, . , . , 1 

(iii) Energy stored in the inductor U= — Li . 

2 

(iv) Inductors in series (Fig. 14.27) 

Equivalent inductance is 

(a) L = L, + L 2 (when the flux linked with one coil 
is not linked with the other, i.e. M= 0) 

Li L 2 

Fig. 14.27 


(b) L = L, + L 2 + 2 M (when flux of one coil is in 
the same direction as that of the other coil) 

L = L, + L 2 - 2M (when the fluxes oppose each 
other) 

(v) Inductors in parallel 

— = — + — (when M— 0) 

lll 2 

(vi) M= kyjLy L 2 ; k = coefficient of coupling. 


8. Growth and Decay of Current in a d.c L—R 
Circuit (Fig. 14.28) 

If switch 5, is closed at / = 0, with switch S 2 open, no 
current flows in the beginning (as the inductor behaves 


as open switch) [Fig. 14.28]. The current starts increasing 

and at time t, i = i 0 (1 - e~ l 1 ), where x— — is the time 
constant, (see Fig. 14.29) ^ 


L 



R 

A/WV 


Fig. 14.28 


After a long time (/ = «>), the current attains a steady 
value / 0 = E/R (now the ideal inductor behaves as a closed 
switch). 


At 


t = T,i = i o 1 


= 0.632 / 0 . 


V ej 



Decay of current: At time t = 0, let / 0 = E/R be the current 
in the circuit. If S 2 is closed (with 5, open), the current 
decays as (see Fig. 14.30) 

At / = !,/= — = 0.368/ 0 . 

e 



9. Energy Stored in an Inductor 

If the current in a coil of self inductance L is increased 
from zero to a steady value /, the energy stored in the 
magnetic field of the coil is 

{7 = — LI 2 
2 

(Q EXAMPLE 19 A magnetic flux of 5 |iWb is linked 
with a coil when a current of 1 mA flows through it. Find 
the self inductance of the coil. 
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SOLUTION <b=L1 


0 5x10 

L — 


-6 


-3 


I 1x10' 

= 5 x 10" 3 H = 5mH 

EXAMPLE 20 An emf of 1 mV is induced in a coil 
when the current in it changes steadily from 2 A to 4 A in 
0.1 s. Find the self inductance of the coil. 

SOLUTION — = ^—^=20 AS 1 
dt 0.1 


\e\ = L 


dl_ 

dt 


1 x 10- 3 = L x 20 => L = 5 x lO" 3 H = 50 (iH 

EXAMPLE 21 A solenoid 1.0 m long and 0.05 m 
diameter has 700 turns. Another solenoid of 50 turns is 
tightly wound over the first solenoid. Find the emf induced 
in the second solenoid when the current in the first solenoid 
changes from 0 to 5 A in 0.01 s. 


-5 IT _ 


SOLUTION 


Mutual inductance M= — 0 1 2 


/ 


An x 10“ 7 x/r (0.025 Y x 700x50 


1.0 


= 8.6 x 10 5 H 
dl 


5-0 


[el = M — = 8.6 x 10 5 x 

dt 0.01 


= 4.3 x 10 2 V 


EXAMPLE 22 An ideal inductor of inductance 
5 II and a pure resistor of resistance 100 Q are connected 
in series to a battery of emf 6 V of negligible internal 
resistance through a switch. The switch is closed at time 
t = 0 

(a) Find the maximum (or steady) value of the current. 

(b) What is the time constant rof the circuit? 

(c) How long does it take for the current to rise to 50% 
of the maximum value? 

(d) Find the potential difference across the inductor at 
/ = 0.1 s. Given e 2 = 0.135. 

t/T 


SOLUTION / = / 0 (1 - e ); / 0 = maximum 
value of / 


(a) When t ~^> <*>, i = /« = — = 


= 0.06 A 


R 100 


, . L 5 

(b) Time constant t = — = - = 0.05 s 


R 100 


(c) 0.5 / 0 = z' 0 (1- e~ l/r ) 


- = 1 - e _,/T 
2 


.-f/T - 


1 1 


e t/T = 2 => - = ln(2) = 0.693 
r 


/ 


t = 0.693 T= 0.693 x 0.05 = 0.0346 s 


(d) V L = - L — = 
L dt 


L - [/ 0 ( 1— e~' /T )] 
dt 


r i \ 


= - Li t 


U 


V T ) 


-t/T 


— « 

T 

5 x 0.06 


0.05 


x ^ i/05 = 6 x ,- 2 


= 6x0.135=0.8 V 

EXAMPLE 23 An inductor of inductance 10 H and 
a resistor of resistance 16 Q are connected to a 12 V dc 
source. 

(a) Find the final steady current. 

(b) How much energy is consumed to attains this steady 
current? 

(c) What is the power dissipated in the resistor at this 
current? 

SOLUTION 

(a) /„= — = — =- A = 0.75 A 
R 16 4 


2 

(b) t/= -U\ = - x 10 x = 2.8 J 


(c) P = i^E = - x 12 = 9 W 
4 


or P=i\R= |-| x 16 = 9 W 


EXAMPLE 24 An inductor of inductance 100 mH 
and a resistor of resistance 50 Q are connected in series to 
a 2 V battery. After some time the current attains a steady 
value. The battery is now short circuited. Calculate the 
time required for the current to fall to half the steady value. 

© SOLUTION L = 100 mH = 0.1 H, R = 50 Q, 
E = 2 V. 


£ 

R 


l o ~ ~ 


50 


= 0.04 A 


T = - = — = 0.002 s 
R 50 
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1 = e~ ,lT => 2 = e l/T => ln 2 = — 

2 r 

/ = r ln2 = 0.002 x 0.693 = 1.386 x 10 3 s 


10. Transformer 

The transformer is a device used for converting a low ac 
voltage into a high ac voltage and vice versa. The former is 
called the step-up transformer and the latter the step-down 
transformer. 

A transformer consists of two coils each of which is 
wound on an iron core. One of the coils is connected to a 
source of alternating emf. This coil is called the primary 
of the transformer while the other is called the secondary 
of the transformer. Any of the two coils can act as primary 
while the other as secondary. The alternating emf in one 
coil induces an alternating emf in the second coil. The 
presence of an iron core in the primary and secondary 
makes the flux linkage between the two coils very large. 
I he alternating emf in the coil makes the magnetic flux in 
the iron also vary periodically. This varying magnetic flux 
in iron induces an alternating emf in the secondary. 

If the magnetic field lines remain confined to the core, 
then all the field lines threading the primary also go 
across the secondary. Then the magnetic fluxes across the 
secondary and primary will be simply proportional to the 
number of turns in them, i.e. 


= A 

tp N P 


or 



K 

K N py 



where N x is the number of turns in the secondary and N p is 
the number of turns in the primary. Now from Faraday’s 
law the emf induced across the secondary is e s = - (dtpjdt) 
and that across the primary is e () = - (d(p { /dt). 


Thus 


d 


( 


e s = 


dt 


y"p P 


N s ci<t> p 
N p dt 




From this equation, it follows that if N s > N pJ then e s > e p , 
i.e. the voltage across the secondary is greater than the input 
primary voltage. Such a transformer in which the number 
of turns in the secondary is more than in the primary is 
called a step-up transformer. But if N s < N , then e s < e p . 
Such a transformer is called a step-down transformer. The 
former are used in TV, high-voltage power supplies and 
the latter in radio transmitter sets, battery eliminators, etc. 


Usually, there are a number of energy losses in actual 
transformers. These are: (i) Joule heating (PR) losses in 
the primary and secondary coils due to their resistance 
(generally, these losses are minimized by using wires of 
large diameters so that resistance is low); and (ii) the losses 
in the iron core which include the heating of the core due to 
eddy currents and power loss due to hysteresis. The eddy 
currents can be minimized by using laminated iron. 

In an ideal transformer, the entire power in the primary 
is transferred to the secondary. For an ideal transformer, 

input power = output power 

or e s 4 = e P t p 


Therefore, 



where I p and l s are the currents in the primary and the 
secondary of the transformer. 

(y EXAMPLE 25 A step down transformer is used to 
reduce the main supply of 220 V to 10 V. If the primary 
draws 5 A and secondary 88 A current, calculate the 
efficiency of the transformer. 



SOLUTION 

88 A 


= 220 V, * = 10 V , / = 5 A and 

y A y 


Input power (P t ) = e p x l p = 220 x 5 = 1100 W 
Output power (P 0 ) = e s x l s =10x 88 = 880 W 


Efficiency r] = — = 


880 

I 100 


= 0.8 or 80% 


EXAMPLE 26 A transformer has an efficiency of 
75%. The power input is 4 kW at 100 V. If the secondary 
voltage is 200 V, calculate the currents in the primary and 
secondary. 

SOLUTION 

P: = eJ n = 4 kW = 4000 W, e n = 100 V and e s = 200 V 

j Pj_ = 4000 = 40 A 

p e. 100 




R 


P a = i) Pj= 0.75 x 4000 = 3000 W 


/t -£- 3000 _ ]5A 
v 200 


EXAMPLE 27 The primary of a transformer has 
400 turns while the secondary has 2000 turns. The power 
output from the secondary at 1000 V is 12 kW. 

(a) Calculate the primary voltage. 
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(b) If the resistance of the primary is 0.9 Q and that 
of the secondary is 5 Q and the efficiency of the 
transformer is 90%, calculate the power loss in the 
primary coil and in the secondary coil. 

SOLUTION N p = 400, N s = 2000, P () = 12000 W, 


= 1000 V 


(a) 


e N 
p _ p 


N 


N. 


e P N 


P x e s = x 1000 
* 2000 


= 200 V 


P P 

(b) ^ 


P el 

' p 


P 0 12000 _ 200 
p r\e n 0.9x200 3 


7 = — = 


P- 12000 


1000 


= 12 A 


Power loss in primary = T p x R }1 = I 


200 j 2 


x 0.9 


= 4000 W 

Power loss in secondary = 7 2 x R s = (12 ) 2 x 5 

= 720 W 

EXAMPLE 28 A power transformer is used to step 
up an emf of220 V to 4.4 kV to transmit 6.6 kW of power. 
If the primary has 1000 turns, find (a) number of turns in 
the secondary and (b) the current rating of the secondary. 
Assume that the efficiency of the transformer is 80%. 

SOLUTION 


e 4400 

(a) N = — x N = - rr ^ x 1000 = 20,000 


(b) ! = - = — 


220 


0.8x6600 

4400 


= 1.2 A 


I s is called the current rating of the secondary. 

11. Alternating Current 

If an alternating voltage V - V {) sin cot is applied across a 
resistance IC the current I in the circuit is 


y y 

I = — = — sin COt = L ) sin cot 
R R 


(1) 


where / 0 = VJR , is the maxim uni orpeak value of the current. 
It is clear from Eq. (1) that the current / varies sinusoidally 
with time; its magnitude changes continuously with time 
and its direction is reversed periodically. A sinusoidally 


varying current whose magnitude changes continuously 
with time and whose direction reverses periodically is 
called an alternating current (or simply ac). 

The angular frequency co of an alternating current is 
related to its time period T and frequency vas 

2k 

CO = - =2 KV 

T 

where co is expressed in radians per second (rad s '), T in 
seconds (s) and v in hertz. (I Iz). In terms of T, Eq. (1) reads 

( 2k t 


l = / () sin 


^ T 


Root Mean Square Voltage and Current 

The mean value of a periodic function X (/) of time period 
T over one time period is defined as 

T 

J X(t)dt T 

X = ^— = ij X(t)dt 


l* 


(i) Mean or average value of alternating voltage 
V- V 0 sin (cot) is 

T 

- 1 


V = — J V 0 sin (cot)dt 


= yjfsin (at)dt = -^- |cos(<w)|,; 


>0 

Ta> 


Vn 


Tco 


cos 


2 Kt 
T 


_ 


2k 


(cos 2k- cos 0 ) = 0 


Similarly mean value of alternating current 
7 = 7 0 sin (cot) over one time period is 7 = 0 

(ii) Mean square value of alternating voltage 
V- V 0 sin (cot) is 

F 2 = ^JF 0 2 sin (cot)dt 


Vn f 1 


= — f— (1 - cos 2 cot)dt 
T o 2 


_Vo 


T 


— jdt -J cos(2 (Ot)dt 


l 2 0 
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V, 


_o_ 

T 


T _ 1 
2 2 


sin( 2 <y/) 


Vi 


2 r 


T L 


I-o' 

2 


2(0 


Vn 


0 J 


Root mean square (rms) value of the alternating 
voltage is 

f= V () 1 

F rms = VF~ = = -yj x peak value of F 

Similarly, root mean square (rms) value of alternating 
current / = 7 0 sin ( cot ) is 


1 


/ rm , = \fl^ = -%= = -4=- x peak value of 7 
v 2 v 2 

EXAMPLE 29 An alternating voltage F (in volt) 
varies with time t (in second) as 

F = 100 sin (50 /r/) 

Find the peak value, rms value and frequency of the 
alternating voltage. 

© SOLUTION Comparing the given equation with 

F = F 0 sin (cot) 

We get F 0 = 100 V, 

'--s 

and co = 50 k 

or 2nv = 50/r=> v = 25 Hz 

EXAMPLE 30 A 100 Q electric iron is connected 
to a 200 V, 50 I Iz a.c. supply. Find (a) rms value of voltage, 
(b) peak value of voltage, (e) rms value of current and (d) 
peak value of current. 

© SOLUTION If an alternating supply is given to be 
200 V, 50 Hz, it implies that the rms value of voltage is 200 
V and the frequency is 50 Hz. 

(a) F nns = 200 V 

(b) V 0 = y/2 = 72 X 200 = 282.8 V. 


(c) / rms = = — = 2 A 

rms R 100 


2 — = 2.828 = 2.83 A 


««)/„=- = 


100 


12. Series LCR Circuit 

fhe applied voltage F divides into three parts, V L (across 
L), V c (across C) and V R (across R) such that (Fig. 14.31). 


R 



y=yJyR+(y L -Vc) 2 

The impedance of the circuit is 

Z= Jr 2 +(X l -X c ) 2 = + 


The current in the circuit is 
/ = 7 0 sin (cot - &) 

tan 0 = v coC 


R 

(i) If coL > ——, i.e. co> 1 — , then tan 0 is positive 

coC VZc 

and voltage leads the current. 

(ii) If coL < —^ , i.e. co < , then voltage lags 


(oC 

behind current. 


VZc 


(iii) If coL = ——, i.e. co= — J=, then 0= 0 


coC 


Plc 


This is the case of resonance. Voltage and current are 
in phase. Z = R (minimum) and current is maximum. 

Special Cases 

(a) A.C. circuit containing only a pure resistor (Fig. 
14.32) 


R 

AAA/V 


i 4 


O 


V= Vq sin cot 

Fig. 14.32 

Vr = F 0 sin cot 
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13. Power in LCR Circuit 

In a series LCR circuit driven by an alternating voltage 
V = V 0 sin cot, the current in the circuit is 

I = I 0 sin (cot ± 0 ) 

depending upon whether X J < X c or X L > X c . 


V- - 2 f - 1 


4 = z= x r z + coL- 


coC 


and 




0 = tan 


/ , 1 A 
coL- 

coC 

K R ) 


Instantaneous power supplied to the circuit by the A.C. 
source is 

P(t) = VI = V 0 sin cot x 7 0 sin (cot ± 0) 

= V 0 1 0 sin cot x sin (cot ± 0 ) 

/. Average power supplied by the source in one complete 
cycle is 


1 


T 


P = -jp(t)dt 
T 0 

= — x F 0 / 0 Jsin cot (sin ru/cos 0 ± cos cot sin cp)dt 


- Volo 


i i 

cos 0 Jsin ~(cot)dt ± sin 0 j sin (cot) x 


Vo 4 


cos (cot)dt 


T 


cos 0 x — ± 0 


^0 , V o v 4) . 

—— COS0= COS0 


or P = ^rms 7 rms cos 0 

Power Factor of an A.C. Circuit 

The power supplied by the source depends not only 
on V Tms and / rms but also on cos 0. The quantity cos 0 is 
called the power factor of the A.C. circuit. Now 


coL - 


1 


and 


tan 0 = 


cos 0 = 


coC 


R 


(l + tan 2 0 ) 


1/2 


1 


/ , \ ^ 
coL - 

coC 


1 + 


V R ) 

R 


R 2 +[g>L- 


“i 1/2 


coCI J 


R_ 

Z 


resistance 

Power factor = :-;- 

impedance 

Special Cases 

(a) For an A.C. circuit containing only a resistor, 

Z = R and cos 0=^ = 1=»0 = O and P = V rws 7 rms 

(b) For an A.C. circuit containing only an inductor or a 
capacitor, 

0 = 90°. Hence P = 0 

(c) At resonance, 0 = 0 for an LCR circuit. Hence P = 
maximum, i.e. maximum power is delivered to the 
circuit form A.C. source. 

Wattless Current 

For an A.C. circuit containing only a pure inductor or an 
ideal capacitor 0 = 90°. Hence 

P = ^rms /rms COS 90° = 0 

Such an A.C. circuit consumes no power. The current 
flowing through the inductor or capacitor consumes no 
power and is called wattless current. 

Bandwidth and Quality Factor of LCR Circuit 

For an LCR circuit driven by an alternating voltage V = 
V 0 sin cot , the peak (amplitude) value of the current is given 
by 


/ _Sl = 

in _ 


Vn 


r / , 

R~ + [coL -) 

L \ cod J 


(/o)max 


_ V 0 


R 


Vo = (/ 0 )n»x R 


In terms of (/ 0 ) max , / 0 is given by 


4 = 


( 4 ) p 

v V/max 


R 2 +{coL- 1 


11/2 


COCI J 
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Figure 14.37 shows the variation of 7 0 versus co. 



► 0) 


Fig. 14.37 


Let co ] and co 2 be the values of co when 7 0 


(4> )m; 


max 


i.e. when 


72 ’ 


( 4 ) max * 


(/ n ) R 

v U / max 


R 2 +\a)L- 


”» 1/2 


yfl 


/? 2 + 


coCI J 

f , 1 

coL - 

V 


\ 2 


coC) 


coL - 


coC 


= /?• 


= ±R 


Case I: coL -— = + R => of 


Rco 


coC LC L 

or - - co ■ = 0 , where co r = 


l ' TZc 

The positive root of this quadratic equation is 


ro 2 = 


R^ 
2 L 


+ 


/ 4 coll}^ 2 

1 + - 


v 


R 2 J 


Case 2: coL - 


coC 


= -R 


2 . RO) 2 r\ 
(O + - - Q) r = 0 


L 


The positive root of this quadratic equation is 


to, =- 


R 

2L 


+ 


1 + 


2r2\ yi 

4(0“ L ' 


R 


Bandwidth Aco = co- co ] = — 


Quality factor (or Q factor) of LCR circuit is defined as 
q _ resonant frequency _ co r 


bandwidth 


x 7= I \L 


Aco 


VZC R RVC 


Q is a dimensionless number. Figure 14.38 shows the 
graph of P versus co for some values of Q. 


t 



The power peak is sharp for high Q. The resonance is 
then said to be sharp. Higher the value of Q , the sharper 
is the resonance and greater is the power absorbed from 
the source. 

EXAMPLE 31 A coil of inductance 0.5 H and a resistor 
of resistance 100 Q are connected in series to a 240 V, 50 Hz 
supply. 

(a) Find the maximum current in the circuit. 

(b) What is the time lag between voltage maximum and 
current maximum? 

SOLUTION Given F rms = 240 V, co = 2 kv = 2nx 50 = 
1 00tt rad s _1 , L = 0.5 H and R = 100 Q. 

V = V 0 sin COt 

I = I 0 sin (cot - 0 ); 


4 = 


tan (p = 


(r 2 +co 2 L 2 ) 
coL 


172 ’ 


R 


(a) K n = 72 V rms = 72 x 240 V 


.*. 7 0 


yfl X 240 


f(100) 2 + (100/r x 0.5) 2 1 


1/2 


= 1.82 A 


(b) V is maximum when sin cot = + 1 => cot { = — 


=> /1 = 


K 

2 co 


K 

2 


K 

I is maximum when sin (cot - <p) = +1 => cot 2 - (p = — 
K (p 2 


=^ r 2- 


2 co co 


.*. Time lag between voltage maximum and current 
maximum is 


At = t x -t 2 = 


k Ik <p\ <p 
2co \2 co co) co 


Now tan (p = 


coL 100^x0.5 


R 


100 


= 1.57 
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Fig. 14.41 

24. Figure 14.42 shows two coils placed close to each 
other. When the key K is pressed so that a current 
starts building up in one of the coils, 

(a) a current flows along ABC in the other coil 

(b) a current flows along CBA in the other coil 

(c) no current flows in the other coil 

(d) an alternating current flows in the other coil. 




Fig.14.42 


25. Figure 14.43 shows two coils placed close to each 
other. When the current through one coil is decreased 
gradually by shifting the position of the rheostat, 

B 

Rheostat 

L \ i 

\ j M-jr i 



Fig. 14.43 

(a) a current flows along ABC in the other coil 

(b) a current flows along CBA in the other coil 

(c) no current flows in the other coil 

(d) an alternating current flows in the other coil. 

26. Figure 14.44 shows two coils P and O placed close 
to each other. When the circuit of coil P is suddenly 
broken by lifting the key K , 

(a) a current flows from X to Y in coil Q 

(b) a current flows from Y to X in coil O 

(c) no current flows in coil Q 

(d) an alternating current flows in coil Q. 


B A C D 

000000000 I 0 0 O u u 0 0 I 

P Q 

\ K 

X Y 

Fig. 14.44 


27. Transformers are used in 

(a) dc circuits alone 


(b) ac circuits alone 

(c) both ac and dc circuits 

(d) integrated circuits. 

28. A transformer has 200 windings in the primary 
and 400 windings in the secondary. The primary is 
connected to an ac supply of 110 V and a current of 
10 A flows in it. The voltage across the secondary 
and the current in it, respectively, are 

(a) 55 V, 20 A (b) 440 V, 5 A 

(c) 220 V, 10 A (d) 220 V, 5 A 

29. The magnitude of the emf across the secondary of a 
transformer does NOT depend upon 

(a) the magnitude of the emf applied across the 
primary 

(b) the number of the turns in the primary 

(c) the number of turns in the secondary 

(d) the resistances of the primary and the secondary. 

30. Electrical energy generated at a power house is 
delivered to distant places over long transmission 
cables at a very high ac voltage of about 33,000 
volts. The reason for this is that 

(a) at high voltages energy is delivered much fast¬ 
er than at low voltages 

(b) there is less wastage of energy at high voltages 

(c) the high voltage prevents theft of costly trans¬ 
mission cables 

(d) it is much easier to generate large amounts of 
energy at high voltages. 

31. Flux (p (in weber) in a closed circuit of resistance 
10 £1 varies with time t (in seconds) according to the 
equation 

(p = 6t 2 -5t+ 1 

The magnitude of the induced current in the circuit 
at t = 0.25 s is 

(a) 0.2 A (b) 0.6 A 

(c) 0.8 A (d) 1.2 A 

32. A circuit has a self inductance of I henry and carries 
a current of 2 A. To prevent sparking when the circuit 
is broken, a capacitor which can withstand 400 
volts is used. The least capacitance of the capacitor 
connected across the switch must be equal to 

(a) 12.5 jaF (b) 25 |iF 

(c) 50 p F (d) 100 pF 

33. An aeroplane is moving north horizontally, with 
a speed of 200 ms \ at a place where the vertical 
component of the earth’s magnetic field is 0.5 x 10 4 T. 
What is the induced emf set up between the tips of 
the wings if they arc 10 m apart? 

(a) 0.01 V (b)0.1V 

(c) 1 V (d) 10 V 
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59. A capacitor of capacitance 2 pF is charged to a 
potential difference of 12 V. The charging battery is 
then removed and the capacitor is connected across 
an inductor of self inductance 0.6 mil. The current 
in the circuit at a time when the potential difference 
across the capacitor is 6 V is 

(a) 0.3 A (b) 0.6 A 

(c) 0.9 A (d) 1.2 A 

60. In an inductor, the current / (in ampere) varies with 
time t (in second) as 

7 = 5 + 16 1 

If the emf induced in the inductor is 10 mV, what is 
its self inductance? 

(a) 6.25 x lO^ 4 H (b) 6.25 x 10 3 H 

(c) 7.5 x 10 4 H (d) 7.5 x 10“ 3 H 


61. In Q. 60 above, the power supplied to the inductor at 
t = 1 s is 

(a) 0.021 W (b) 0.21 W 

(c) 2.1 W (d) 21 W 

62. A wire in the form of a circular loop of radius r lies 
with its plane normal to a magnetic field B. If the wire 
is pulled to take a square shape in the same plane 
in time the emf induced in the loop is given by 


(a) 


(c) 


n Be 


nBr 2 
t 


( 

1- 

K ' 

(b) 

nBr 1 

f 

1- 

K' 

V 

10, 

t 

v 

8 ) 

( 

1- 


(d) 

nBr 2 

f 

1- 

K ^ 

V 

6 > 

/ 


4 j 


63. A uniformly wound solenoid coil of self-inductance 
1.8 x 10 4 H and resistance 6 Q is broken up into 
two identical coils. These identical coils are then 
connected across a 12 V battery of negligible 
resistance. The time constant for the current in the 
circuit is 

(a) 0.3 x 10 -4 s (b) 0.3 x 1(T 3 s 

(c) 0.3 x 10“ 2 s (d) 0.3 |is 

64. In Q. 63 above, the steady current through the battery 
is 

(a) 8 pA (b) 8 mA 

(c) 0.8 A (d) 8 A 


65. A square loop of side /, mass m and resistance R 
falls vertically into a uniform magnetic field directed 
perpendicular to the plane of the coil. The height h 
through which the loop falls so that it attains terminal 
velocity on entering the region of magnetic field is 
given by 



mg R 
2 Bl 



>n 2 gR 2 
2 B 2 ! 2 



>ngR 2 
4 S 3 / 3 



nrgR 2 
2 S 4 / 4 


66 . 


The mutual inductance between two planar concentric 
rings of radii r, and r 2 (with r, > r 2 ) placed in air is 
given by 



/ i 0 7r/ 2 

2 r, 



2 h 


(c) 


AWT (fi+r 2 )' 
2 r, 


(d) 


A yr ('i + r 2 )‘ 

2/j 


67. A square metal wire loop of side 10 cm and resistance 
1 Q is moved with a constant velocity v in a uniform 
magnetic field B = 2T as shown in Fig. 14.49. The 
magnetic field is perpendicular to the plane of 
the loop and directed into the paper. The loop is 
connected to a network of resistors, each equal to 
3 Q. What should be the speed of the loop so as to 
have a steady current of 1 mA in the loop? 


(a) 1 cm s 
(c) 3 cm s 


-l 


(b) 2 cm s 
(d) 4 cm s 


-l 


-i 


X 

X 

X 

X* 

X 

X 

X 

X 

X 

X 

X 

X 



3 Q 


R 


3 a 


Metal loop 


Fig. 14.49 

68. If a coil of metal wire is kept stationary in a non- 
uniform magnetic field, 

(a) an emf and current are both induced in the coil 

(b) a current but no emf is induced in the coil 

(c) an emf but no current is induced in the coil 

(d) neither emf nor current is induced in the coil 

69. In an ac circuit the potential differences across an 
inductance and a resistance connected in series 
are respectively 16 V and 20 V. The total potential 
difference across the circuit is 

(a) 20.0 V (b) 25.6 V 

(c) 31.9 V (d) 53.5 V 

70. An alternating voltage V = V {) sin cot is applied 
across a circuit. As a result a current 7=7 0 sin (cot- tv 2) 
flows in it. The power consumed per cycle is 

(a) zero (b) 0.5 F 0 7 0 

(c) 0.707 F 0 / 0 (d) 1.414 F 0 7 0 

71. A conducting square loop of side L and resistance 
R moves in its plane with a uniform velocity v 
perpendicular to one of its sides. A magnetic field B , 
constant in space and time, pointing perpendicular and 
into the plane of the loop exists everywhere as shown 
in Fig. 14.50. The current induced in the loop is 
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Answers 


1 . (a) 

2 . (d) 

3. (d) 

4. (a) 

5. (a) 

6 . (d) 

7. (a) 

8 . (a) 

9. (b) 

10 . (d) 

11 . (b) 

12 . (c) 

13. (d) 

14. (c) 

15. (d) 

16. (a) 

17. (a) 

18. (d) 

19. (d) 

20 . (b) 

21 . (d) 

22 . (a) 

23. (d) 

24. (a) 

25. (b) 

26. (b) 

27. (b) 

28. (d) 

29. (d) 

30. (b) 

31. (a) 

32. (b) 

33. (b) 

34. (d) 

35. (a) 

36. (d) 

37. (b) 

38. (d) 

39. (b) 

40. (c) 

41. (b) 

42. (c) 

43. (d) 

44. (d) 

45. (d) 

46. (a) 

47. (d) 

48. (d) 

49. (d) 

50. (b) 

51. (b) 

52. (c) 

53. (b) 

54. (b) 

55. (d) 

56. (c) 

57. (a) 

58. (c) 

59. (b) 

60. (a) 

61. (b) 

62. (d) 

63. (a) 

64. (d) 

65. (d) 

66 . (a) 

67. (b) 

68 . (d) 

69. (b) 

70. (a) 

71. (d) 

72. (b) 

73. (d) 

74. (b) 

75. (d) 

76. (d) 

77. (b) 

78. (a) 

79. (d) 

80. (d) 

81. (b) 

82. (b) 

83. (a) 

84. (c) 

85. (c) 

86 . (a) 

87. (b) 

88 . (d) 

89. (d) 

90. (b) 

91. (b) 

92. (c) 

93. (c) 

94. (a) 



*7-4 

Solutions 




1. Area of the coil = 0.1 x 0.05 = 5 x 10 ~ 3 m 2 . Change 
in magnetic field = 0.05 - 0.1 = - 0.05 T. Therefore, 
change in flux is 

A0 = - 0.05 x 5 x 10 " 3 

= -0.25 x 10 3 Wb 

Induced emf for one turn e = - 

A t 

= 0.25 x 10 ~ 3 Wb 
0.05 s 
= 5 x 10 ' 3 V 

Induced emf for 100 turns = 5 x 10 ' x 100 = 0.5 V. 
Hence the correct choice is (a). 

2. The magnetic field due to the solenoid is 

B = /J 0 nl 


where n is the number of turns per unit length. 
Since the second coil is wrapped closely around the 
solenoid, the cross-sectional area of the coil can be 
taken to be equal to that of the solenoid. Since the 
initial current and hence the initial magnetic field is 
zero, the change of flux for a single turn is fi 0 nIA , 
where A is the cross-sectional area. Therefore, 
induced emf for a single turn is 

| e | = A*o nl A 
t 

= 4 x 3.14 x 10 ~ 7 x 500 x 2 x 10 ~ 4 
3.14 x Hr 3 

= 4 x 1(T 5 V 

Induced emf for 100 turns = 4 x 10 5 x 100 = 
4 x 10 3 = 4 mV. Hence the correct choice is (d). 

3. S = 0.3T,z> = 1 ems ' = 0.01 ms" 1 , /= 8 cm = 0.08 m 
and b = 2 cm = 0.02 m. 

e = Blv = 0.3x0.08x0.01 

= 2.4 x 10 " 4 V = 0.24 m V 

4. The time during which the emf lasts is the time taken 
by the breadth (h = 2 cm) of the coil to move out of 
the field. Since the speed of coil is 1 ems \ this time 
will be 2 s. 

5. E = Bhv = 0.3 x 0.02 x 0.01 

= 0.6 x 10 " 4 V = 0.06 m V 

6 . Time during which this emf lasts is the time taken 
by the length (/ = 8 cm) to move out of the field = 
8 s. 

7. Induced emf e = - L ( ^~. Therefore, 

dt 



dt 0.05 


Hence the correct choice is (a). 

H 0 N 2 A 4 7r x 10 -7 x (500) 2 x 10~ 3 

8 . L — - — - 

/ 3.14 

= 10 4 H = 0.1 mH 
Hence the correct choice is (a). 

9. Induced emf in the secondary is 

e = -A/ — =(-2)x f-—1 = 200V 
s dt \ O.lJ 


Hence the correct choice is (b). 
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10 . 


Now e s = - N s 


—— , where N„ = 500. Thus 
dt 



200 

500 


x 0.1 =0.04 Wb 


Hence the change of flux per turn is 0.04 Wb, which 
is choice (d). 

11. R a = 2Q, E a = 220 V, E h = 210 V. Current at full 
speed is 

, _ E a -E b _ 220-210 


Hence the correct choice is (b). 


12. When the motor was switched on, E h = 0 since the 
initial speed of the armature is zero (it is initially at 
rest). If no starter is used, the starting current in the 
armature is 



220 

To 


110 A 


which is ruinously large and it will burn the windings 
of the armature. Hence a starter must be inserted 
in series with the armature when the motor is first 
switched on (or started). 


.. r-ca • power output 

13. Efficiency = - 

power input 

Power input is IE a = 5.0 x 220 =1100 W. Power loss 

i ^ 

due to heating of the armature is I~R a = (5.0)“ x 2.0 = 
50 W. Therefore, power output is 1100 - 50 = 1050 
W. Hence efficiency is 1050/1100 = 0.95 or 95%. 

14. Resistance of armature is 0.2 Q, potential difference 
in open circuit is 220 V and potential difference at 
full load is 210 V. 

Current in the circuit is 


/ = 220 -210 
0.2 


= 50 A 


15. Power delivered = 210 x 50 = 10.5 kW, which is 
choice (d) 

16. N p = 400, N s = 2000 and E s = 1000 V. Now 



or 



E s x N p 



1000 x 400 
2000 


= 200 V 


Hence the correct choice is (a). 


1 7. Since the efficiency is 80%, the input power is 


12 kW x 


100 

80 


= 15 kW 


.*. Current in the primary is 


_ input power _ 15kW 

p ~ 


input voltage 
15x1000 


200 V 


200 


= 75 A 


2 2 

Power loss in primary = /“ R jt = (75) x 0.2 = 
1125 W = 1.125 kW. Hence the correct choice is (a). 

8. Current in the secondary is 

. _ output power 12kW 

output voltage 1000 V 


12x1000 

1000 


12 A 


Power loss in secondary = 7 S “ R s = (12)“ x 2 = 
288 W. Hence the correct choice is (d). 

19. The correct choice is (d) because there is no change 
of flux in this case. 


20. The correct choice is (b). 

21. The falling magnet induces a current in the coil. From 
Lenz’s law, the direction of the current is such that 
its magnetic field opposes the motion of the magnet. 
Hence the correct choice is (d). 


22. Since the charge of electron is negative, the moving 
electron constitutes a current in the direction opposite 
to the direction of motion of the electron, i.c. the 
direction of the current will be from O to P. The 
magnetic field threading the coil due to the motion 
of the electron will be directed into the plane of the 
page, i.e. perpendicular to the plane of coil directed 
into the page. To oppose this, the current in the coil 
must be anticlockwise, in accordance with Lenz’s 
law. Hence the correct choice is (a). 

23. As the magnet is moving towards coil AB , the 
magnetic flux linked with it increases. By Lenz’s 
law, the current must flow in the coil in a direction 
which would tend to oppose the increase in flux, 
i.e. the current should produce a magnetic field in a 
direction opposite to the field of the magnet. Thus the 
end of the coil closer to the magnet should become a 
south pole. Hence the current must be clockwise in 
the coil and flow from B to A. 

As the magnet is moving away from coil CD, the 
magnetic flux linked with it decreases. The current 
must oppose this decrease and produce a field in the 
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same direction as that of the magnet. The induced 
current must flow from D to C. 

24. When the key is pressed, a current starts building 
up in the coil and the magnetic flux through the 
neighbouring coil increases. By Lenz’s law, the 
induced current in this coil must oppose this increase 
in flux. Hence the induced current must flow in the 
anticlockwise direction, i.c. along ABC. 

25. As the rheostat is being shifted, the resistance in 
series with the coil is decreasing and the current 
in the coil is increasing. Hence the magnetic flux 
through the neighbouring coil increases. By Lenz’s 
law, the induced current in the coil must oppose the 
increase in flux. Therefore, the induced current must 
flow in the clockwise direction, i.e. along CBA. 

26. The current in the coil P is flowing in an anticlockwise 
direction. Hence end A is the north pole and end B 
the south pole. When the key K is lifted, the current 
in coil P starts decreasing leading to a decrease in 
magnetic flux through coil Q. By Lenz’s law, the 
induced current in this coil must oppose the decrease 
in flux. This can happen if the direction of the induced 
current is such that a south pole is produced at end 
C and a north pole at end D. Therefore the induced 
current must flow in clockwise direction, i.e. from Y 
XoX. 


27. The correct choice is (b). 

28. Voltage across secondary is 




110x400 

200 


= 220 V 


Current in secondary is 


h = Ip X 


p _ 


10 x 110 

220 


= 5 A 


Hence the correct choice is (d). 


32. The least capacitance is such that the energy stored 
in the capacitor is equal to that stored in the inductor, 
i.e. 


- CV 2 = - LI 2 
2 2 

or c = LL = =25 x lO^F 

V 2 (400) 2 

= 25 (iF 

Hence the correct choice is (b). 

33. E = Blv = 0.5 x 10" 1 x !0 x 200 = 0.1 V which is 
choice (b) 

34. Power output = E s I s = 11 x 90 = 990 W. Power input 
= E p I p = 220 x 5 = 1100 W. Therefore, 

. power output 990 9 

Efficiency = - = - = — 

power input 1100 10 

= 0.9 or 90% 

Hence the correct choice is (d). 

35. Current in the transmission line is 

pc™, 25000 _ |0()A 
voltage 250 


.-. Power loss = / 2 /? = (100) 2 x 1 = 10000 W. 


Therefore, the percentage of original power lost is 


10000 

25000 


x 100 = 40% 


Hence the correct choice is (a). 

36. Since the resistance of an ideal inductor is zero, the 
final value of the current in the 10 Cl resistor is zero. 


37. Since the resistance of the inductor is zero, the total 
resistance of the circuit is R = 20 Cl. Therefore, 
current = V/R = 2/20 = 0.1 A. 


29. The correct choice is (d). 

30. The correct choice is (b). 

31. The rate of change of flux gives the induced emf. 
Thus 


38. Peak value of voltage is V 0 = yfl L rms = yfl x220V. 
Hence the correct choice is (d). 

39. A choke is an inductor. Hence it is used only in ac 
circuits. 



— (6/ 2 -5/+l)=-12/+5 
dt 


At / = 0.25 s, E = - 12 x 0.25 + 5=-3 + 5=2V 


/. Induced current / = — 

R 

choice (a). 


— = 0.2 A, which is 
10 


40. The correct choice is (c). 

41. Given R = 4 Cl and (oL = 3 Cl. The impedance is 

Z=(R 2 + co 2 L 2 )' 12 = (16 + 9 ) 1/2 = 5 Q. 
Hence the correct choice is (b). 

42. We know that tan 6= —— . Therefore 

R 
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L = 


/?tan<5 100 x tan45° 

co 2 k x 1000 


= 15.9 x 10 3 = 16 mH 
Hence the correct choice is (c). 

43. The current in an LCR circuit is given by 


R 2 + \coL- — 
coC 


where co= 2 nf Thus / increases with increase in co 
upto a value of co = co c given by 

1 


co± = 


co ( C 


or = JZc 

when I becomes maximum. At co > co ( , 7 decreases 
with increase in co. Hence the correct graph is (d). 

44. The correct choice is (d). 

45. E= 12 V,Z,, = 10 H, L 2 = 10 x 10 3 H and/? =48 Q. 
Steady state current is 7 0 = E/R and is independent of 
the inductance. Hence, the value of the steady state 
current is the same for both circuits. 

F 12 

7 0 = — = — = 0.25 A 
R 48 

46. The energy consumed by the circuit to build up the 
current 7 0 is 

E = - Lll 
2 0 


For circuit 1, 


- L x I 2 0 = - x 10 x (0.25) 2 


= 3.125 x 10 _l J 


For circuit 2, 

E i = \ L 2 / o= x 10 x 10“ 3 x (0.25) 2 
= 3.125 x 10 -4 J 

£■ 

—- = 1000. Hence the correct choice is (a) 
E 2 

47. Power dissipated at current 7 0 is 7 q R. Since 7 0 and R 
are the same for both the circuits, they dissipate the 
same power which is 

P =IqR = (0.25) 2 x 48 = 3.0 W 


= 2 x 10' 3 s 


= 2 millisecond. 


48. The time constant of the circuit is 

_ L lOOxlO" 3 

R 50 


Current at time t is given by 
7 = 7 0 e~ llz 

where 7 0 is the steady current. Therefore, time for 7 
to fall to IJ 2 is 

e , T = — or e , T = 2 or / = Tin(2). 

2 

Hence the correct choice is (d). 

49. An alternating voltage varies with time as 

V = V 0 sin cot (i) 


Given 


V = 100 sin 50 nt 


Comparing (i) and (ii) we have V 0 = 100 V and 
co= 50 k rad s 1 or 2 k v= 50 n, i.e. v= 25 Hz. 


Also 


v =iL = i^ v 

V2 72 


Hence the correct choice is (d). 

50. The resonant angular frequency is 


ro,.= 


(5.0x80xl0 -6 )' 


= 50 rad s 1 


Therefore, the resonant frequency is 


= 


50 = 25 Hz 


2 K 2 K K 


51. The impedance is given by 


Z = R 2 + (OL- 


When 


coC 


co = co r = M yjlC 


(i.e. at resonance), coL = \/coC\ and therefore 
Z = R = 40 Q 

52. Current amplitude at resonance is 


, _ Kp _ F 0 _ 72F rms _ 
0 Z R R 


72 x 200 


— 5 72 A, 


53. The rms current in the circuit is 

rms R 40 
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The rms potential drop across L is 
Fnn S = / rms X6) r xL = 5x50x5 = 1250 V = 1.25 kV 
54. The rms potential drop across C is 

1 . 1 


V = r x 
rms nns 


co r C 


= 5 x 


50x80x10 


-6 


= 1.25 kV 


55. The rms potential drop across R is 
^rm S = 'rn, s X* = 5 x40 = 200V 

56. The correct choice is (c). 

57. The dimensions of RC are those of 
ohm x charge/voltage, i.e. 

charge 


voltage charge 
X 


= time 


current voltage charge/time 

Hence the dimensions of 1 //?Carc those of frequency. 

58. Since inside the cell, the current is taken to flow from 
the negative to the positive terminal, we have 

V a -1R + E-L ^=V b 

at 


or Vn-V A —-IR + E- L — 
B A dt 


Since / is decreasing with /, is negative. Hence 

V b -V a = -5x 10 6 x 1 + 15 - (5 x 10 3 ) x (- 10 3 ) 
= 15 V 

Thus the correct choice is (c). 

59. We know that O = CV and O = O 0 cos cot. Also 

Qo = cv 0 . 

Q V 6 1 n 

cos cot = — = — = — = — or cot = —. 

3 


Qo Vo 2 


Now co is given by 


CO = 


1 


VZc 


( 1 ) 


Given L = 0.6 x 10 -3 H and C = 2 x 10 6 F. Using 


these values in Eq. (1) we get co = 


io- 


2V3 


rad s l . 


Now 


/ = 


dQ _ d 


(Qo cos cot) 


dt dt 

= - Q 0 co sin cot 

= O 0 co sin cot = CV 0 co sin cot 


10 5 

= (2 x 10 6 ) x 12 x —f. sin 


2J3 


/ ' K' 


\ 3 J 


= 0.6 A 

Hence the correct choice is (b). 

60. Now \e\ = L — 

dt 


or 10x10 " 3 =Lx 


dt 


(5+ 16/) -Lx (16) 


or L =6.25 x10 4 H. 

Hence the correct choice is (a). 

61. Power = VI = 10 x 10" 3 x(5+ 16/) 

At / = 1 s, power = 10 x 10 _3 x(5+ 16) = 0.21 W 
Hence the correct choice is (b). 

62. Induced emf (e) 

magnetic field x change in area BAA 


time t 

Since the circumference of the circular loop 

r . . 2 nr nr 

the side of the square loop = -= — . 


2 nr. 


Therefore, 


A . 2 2 (, n' 

AA = nr - I — I = 7Tr 1- 




e = 


B(nr 


1-^ 
4) 


Hence the correct choice is (d). 


1 


63. Self inductance of each coil = — x (1.8 x 10 4 ) = 

2 

0.9 x 10 4 H. Resistance of each coil = — = 3 Q. 

2 

When two such coils are connected in parallel, the 
self-inductance of the combination is L = 0.45 x 10 4 H 
and the resistance of the combination is R = 1.5 Q. 


^ L 0.45x10‘ 4 

.\ Time constant = — = - 

R 1.5 


= 0.3 x 10 -4 s 


Hence the correct choice is (a). 

V 12 ... 

64. Steady current / 0 = — = — = 8A which is choice (d). 

R 1.5 


65. Velocity v = ^2gh . Induced emf e = Blv = Bl yjlgh . 
Therefore, the induced current in the loop is 
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The magnetic flux that links the larger loop with the 
smaller loop of side / (/« L) is 



isfinji 1 

kL 


Mutual inductance M n = — 


/ 2 

i.e. M ]2 oc — , which is choice (b). 
/ - 


_ 2V2^ 0 


n 


( ;2 > 


V L J 


75. Figure 14.60 shows the field lines (shown as broken 
curves) of the magnetic field due to the current 
flowing in the loop. It is clear from the figure that 
the magnetic flux in the x-y plane will be zero. Hence 
the correct choice is (d). 


y 

t 

Lines of 
Force 



>• x 


77. A time varying magnetic field produces an electric 
field. The magnitude of the electric field at a distance 
r from the centre of a circular region of radius a 
where a time varying field B exists is given by 



c^dB 

2 r dt 


At r = a , E = (a/2) clBidt, which the value of E at the 
edge of the circular region. For r > a , E decreases as 
Mr. Hence the correct choice is (b). 

78. The mutual inductance between the two coils in 
orientation (A) is the maximum since the flux linkage 
in (A) is the maximum as shown in Fig. 14.61. 



Fig. 14.61 


79. Electric field will be induced in both AD and BC , 
since both are moving perpendicular to the direction 
of the magnetic field and the flux linked with them is 
changing with time. Hence the correct choice is (d). 


Fig. 14.60 

76. The current in the inductor is given by 

1= — (1 -e~ r T ), where T = L/R. 

R 

L 8.4 mH 

Given, X — — =- 

R 6 Q 


= 1.4 ms (millisecond) 


1 . 0 = — (1 - e -' /14ms ) 
6 


or e 


-f/1.4 ms 



2 


or 



= -0.693 


or t = 0.693 x 1.4 ms = 0.97 ms 

Hence the correct choice is (d). 


80. Let the switch be closed at time t = 0. The current I p 
flowing in P grows for a time, say / 0 , after which it 
becomes steady. During this time the magnetic field 
(due to l p ) (from left to right) increases at the location 
of circuit Q. According to Lenz’s law, the induced 
current (7^), should be such that it tries to decrease 
the magnetic field. Therefore, the magnetic field 
due to this current must be from right to left. Hence 
this induced current (/ 0 ) { should be anticlockwise 
(opposite to the direction of I P ). After the switch S 
is opened, the current I P takes a finite time to decay 
to zero and the reverse of the above phenomenon 
is observed. Hence the induced current (1 0 ) 2 
should be clockwise. Thus the correct choice is (d). 

81. The magnitude of the induced voltage is proportional 
to the rate of change of magnetic flux which, in turn, 
depends on the number of turns in the coil, i.e. V 
n. fhe resistance of a wire is given by 

R = or R °c . Here p is the resistivity of the 
nr r 

material of the wire. 

n o yl ” 2 „ 

.*. Power P = — oc —- or P oc - 

R Ur 2 l 
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B-a 

2 nr 

The emf induced in the element of length dr is 

de-Bvdr- ^ 

2 n r 

The emf induced in the whole rod is 

I v rr 2 d r _ I v 


or 


= Vq f * a_t_ = n 0 i ■ 
In •''i r In 

H qIv ( r 2 

* = -r- log, - 

2k Ui J 


lo g« r Z 


which is choice (b). 

1 ^ 

91. W= — L/q, where / () = peak value of / = 2 A. Thus 
2 


1 


W = - x 2.0 x (2) 2 = 4 J 
2 

Hence the current choice is (b). 
A/ 


92. e = -M 


At 


or 


M — — 


eAI 
A T 


40,000 x (lOx 1(T 6 ) 


(-4-0) 


= 0.1 H 


The correct choice is (a). 

93. Since the magnetic field varies with x, we find the 
flux by considering a small element of the loop of 


width dx and length a at a distance x from 0, as 
shown in Fig. 14.64. 

The total magnetic flux is 

b 

<p = J BdA = J kx(adx) 

0 

h 1 

= ka | xdx = — kab 2 
o ^ 

so the correct choice is (c). 

y\ 



x = b 


Fig. 14.64 

94. = “ CF 2 (v there is no loss of energy due to 

joule heating as R = 0). Hence 


-6 


/„ = vj— = 50 x J 2xl ° 
\L V 5 x 1 0 -3 


= 1 A 


which is choice (a). 


2 

SECTION 


Multiple Choice Questions Based on Passage 


Questions 1 to 3 are based on the following passage. 

Passage I 

Two long parallel horizontal rails, distance d apart and 
each having a resistance A per unit length, are joined at one 
end by a resistance R. A perfectly conducting rod MN of 
mass m is free to slide along the rails without friction (see 
Fig. 14.65). There is a uniform magnetic field B normal 
to the plane of the paper and directed into the paper. A 
variable force F is applied to the rod MN such that as the 
rod moves, constant current flows through R. 


X X 

M 

X 

y 

X 

X 

X 

X 




X X 

B 

> X X 

><- x -► 

> 

> X X 

X X 


X X X 

XXX 

— * F 

XXX 

X X X ^ 

‘ X X 

X X 

1 

X X 

, X X 








N 

Fig. 14.65 


Copyrighted material 




14.40 Complete Physics—JEE Main 


1. The magnitude of the cmf induced in the loop is 


(a) Bvd 


f 2 Ax 

R 


(b) Bvd 


( R 


2 Ax 


(c) Bvd 

2. The current in the loop is 
Bvd 


(d) -Bvd 
2 


R 

2 Bvd 


(a) 

(C) (R + 2Ax) 

3. The velocity of the rod is 
Brd 


(b) 


(d) 


Bvd 
2 Ax 

Bvd 

(R + 2Ax) 


(a) 


(b) 


(c) 


(d) 


’ 2j2 ( 2Ax\ 


1 + 


2 Am 
B 2 d 2 / 


R 

B 2 d 


R ) 
R 


2 Am 
B 2 d 2 


log e 


2Ax 

I- 


2j2 ' R \ 


2A 


m 


log, 


( 


1 + 


2 Ax 

2 Ax^ 
~~R~ j 


Solutions 

: o-'' 

1. Let the distance from R to MN be x. Then the area of 
the loop between MN and R is xd and the magnetic 
flux linked with the loop is Bxd. As the rod moves, 
the cmf induced in the loop is given by 

d dx 

\e\ = ~r(Bxd) = Bd — = Bvd 
dt dt 

where v = velocity of MN. 

So the correct choice is (c). 

2. The total resistance of the loop between R and MN is 
R + 2 Ax. The current in the loop is given by 

\e\ Bvd 

R + 2 Ax R + 2 Ax 

The correct choice is (d). 

3. Force acting on the rod, 

B 2 d 2 v 


F= IBd = 


m 


dv 

dt 


R + 2 Ax 
B 2 d 2 dx 


R + 2 Ax dt 


or 


B L d 

dv = - x 


2 7 2 dx 


m (/? + 2 Ax) 


Integrating, we have 

v o2 t2 x 

j* j 

0 


dx 


m 

2 i2 


or 


B d 

v = —— log 


(R + 2 Ax) 

R + 2Ax\ 


2Am wc k R 

Hence the correct choice is (d). 

Questions 4 to 6 are based on the following passage. 

Passage II 

A pair of parallel horizontal conducting rails of negligible 
resistance shorted at one end is fixed on a table. The 
distance between the rails is L. A conducting massless rod 
of resistance R can slide on the rails without friction. The 
rod is tied to a massless string which passes over a pulley 
fixed to the edge of the table. A mass m , tied to the other 
end of the string, hangs vertically. A constant magnetic 
field B exists perpendicular to the table. The system is 
released from rest. (Fig. 14.46) 



m 


4. The acceleration of the mass m moving in the 
downward direction is 


(a) g 


(c) 


8~ 


B 2 L 2 v a 
mR 


(b) 


(d) 


B 2 L 2 v 


m R 


/ 


£ + 


# 2 Z.V 

mR 


5. The terminal velocity acquired by the rod is 
(a) g (b) sfgR 


(c) 


sfmgR 


BL 


(d) 


mgR 

B 2 L 2 


6. The acceleration of mass m when the velocity of the 
rod is half the terminal velocity is 


(a) g 


(Of 


»»! 

hi) f 
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Fig. 14.68 

Ho Mx 
2n (x 2 -1 2 ) 1 


Since x » 1, we have 



2k x 3 


So the correct choice is (c). 

8 . Due to B, the flux through the loop is 


<p = BA = B(na 2 ) = 


2k x 3 


x no 1 


Ho Ma 2 
lx 2 


If x = 2 a, we find that the correct choice is 
(d). 

9. Induced emf in the loop is 


e = 


dtp dx d(t) dtp 
= -v 


dt 


dt dx 


dx 


p 0 Ma 2 v d 


d x 


lx 3 J 


3 p 0 Mcrv 

2~T 


Putting .v = 2 a , we get e = 
(b). 


3jU 0 Mv 
32 a 2 


, which 


is choice 


10 . Induced current in the loop is 
e _ 3 B 0 Ma 2 v 
1 ~ R~ 2 x 4 R 


Magnetic moment of the loop is 

M 0 = I x area enclosed by the loop = I(Kcr) 

3 k H 0 Ma A v 
~ T x 4 R 

Putting x = 2 a , we find that the correct choice is 
(a). 


Questions 11 to 14 are based on the following passage. 

Passage IV 

Two resistances of 10 Cl and 20 Cl and an ideal inductor of 
inductance 5 H are connected to a battery of 2 V through 
a key K as shown in Fig. 14.69. If at /= 0, K is inserted. 


ion 

■VvW 


vfiJUL h — 1 - 

5 H 

2012 


2 V 



K 


Fig. 14.69 


11 . 


12 . 


13. 


14. 


The initial current through the battery is 
1 2 


(a) , 5 A 

<t»- A 

(c) 0.2 A 

(d) 0.4 A 

The initial potential drop 

across the inductor is 

(a) ] - V 
o 

(b) j V 

2 

4 

(®) 3 V 

(d) 3 V 

The final current through 

the 10 Q resistor is 

(a) TJ A 

(b) 0.2 A 

(c) 0.1 A 

(d) zero 

The final current through 

the 20 Cl resistor is 

(a) 0.1 A 

(b) 0.2 A 

(c) 0.3 A 

(d) zero 



Solutions 


n. 


As soon as K is inserted, i.e. t = 0, dlldt is maximum, 
which implies that the opposing emf L dlldt is high 
and the inductor will be have as a very large resistor. 
So the current will flow through both the resistances 
only. The current through the battery 7(0) at t = 0 is 



2.0 _ 1 
10 + 20 ~ 15 


The correct choice is (a). 

12. Since the 10 Cl resistor and inductor arc in parallel, 
the potential drop across the inductor is the same 
as that across the 10 Cl resistor. Hence, the initial 
potential drop is 

10 

1(0) x 10 = — V 
So the correct choice is (c). 

13. When the current has attained a constant value, the 
opposing emf across the inductor is zero. The inductor 
would behave as a short and the whole current will 
pass through it. The final current through the 10 Cl 
resistor is, therefore, zero. The correct choice is (d). 
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(c) at t > 0, the current in the circuit flows only in one 
direction. 

(d) the maximum value of the current in the circuit 




= - (O 2 q 0 cos (cot + 0) = - (O 1 q 


<1 


_L rr 

co 2 dt 2 dt 2 


[use Eq. (1)] 



Solutions 


18. In an RC circuit, the charge on the capacitor plates at 
a time / is given by 

-e"*) 

where r = RC is the time constant. At / = 2r, we have 
q = q 0 ( \ - e~ 2 ) 

Hence the correct choice is (b). 


19. When S 2 is closed and 5, is open, the charge oscillates 
in the LC circuit at an angular frequency given by 


co = 




Now q * 0 at t = 0. Hence choices (a) and (b) are 
wrong. The charge q varies with time t as 

q = q 0 cos(cot + 0) (2) 

where 0 is not equal to nil. Differentiating Eq. (2) 
twice with respect to /, we get 


Hence the correct choice is (c). 

20. At t = 0, the energy is stored in the electric field in the 
space between the capacitor plates. As time passes 
(i.c. at t > 0), there is an exchange of energy between 
the capacitor and the inductor. The charge q varies 
with time t as 

1 

q = q$ coscot, where (O = 

The current in the circuit is given by 
dq d 

I = — = — (q 0 cos cot) = - coq 0 sin cot 

which is alternating and not unidirectional. The 
maximum value of current is 

Anax = W <70 = X CV (? 0 = CV) 



Hence the correct choice is (d). 


3 

SECTION 


Assertion-Reason Type Questions 


In the following questions, Statement-1 (Assertion) is 
followed by statement-2 (Reason). Each question has the 
following four options out of which only one option is 
correct. 

(a) Statement-1 isTrue, Statement-2 is True; Statement-2 
is a correct explanation for Statement-1. 

(b) Statement-1 is True, Statement-2 is True; Statement-2 
is NOT a correct explanation for 

Statement-1. 

(c) Statement-1 is True, Statement-2 is False. 

(d) Statement-1 is False, Statement-2 isTrue. 

1. Statement-1 

No induced emf is developed across the ends of a 
conductor if it is moved parallel to a magnetic field. 


Statement-2 

No force acts on the free electrons of the conductor. 

2. Statement-1 

No current is induced in a metal loop if it is rotated 
in an electric field. 

Statement-2 

The electric flux through the loop does not change 
with time. 

3. Statement-1 

A rectangular loop and a circular loop arc moved 
with a constant velocity from a region of magnetic 
field out into a field-free region. The field is normal 
to the loops. Then a constant emf will be induced 
in the circular loop and a time-varying emf will be 
induced in the rectangular loop. 
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Statement-2 

The induced emf is constant if the magnetic flux 
changes at a constant rate. 

4. Statement-1 

A magnetised iron bar is dropped vertically through 
a hollow region of a thick cylindrical shell made of 
copper. The bar will fall with an acceleration less than 
g, the acceleration due to gravity. 

Statement-2 

The emf induced in the bar causes a retarding force 
to act on the falling bar. 

5. Statement-1 

A coil is connected in series with a bulb and this 
combination is connected to a d.c. source. If an iron 
core is inserted in the coil, the brightness of the bulb 
will increase. 

Statenient-2 

The reactance offered by the coil to d.c. current is zero. 

6. Statement-1 

A coil is connected in series with a bulb and this 
combination is connected to an a.c. source. If an 
iron core is inserted in the coil, the brightness of the 
bulb will be reduced. 

Statement-2 

When an iron core is inserted in the coil, its inductance 
decreases. 

7. Statement-1 

A variable capacitor is connected in series with a 
bulb and this combination is connected to an a.c. 
source. If the capacitance of the variable capacitor is 
decreased, the brightness of the bulb is reduced. 

Statement-2 

The reactance of the capacitor increases if the 
capacitance is reduced. 


I'/'X Solutions 

1. The correct choice is (a). Let v be the velocity of 
the conductor in a magnetic field B . Since the free 
electrons in the conductor are moving with it, force 
F = e ( v x B) is zero because v is parallel to B . 
Consequently, no induced emf is developed between 
the ends of the conductor. 

2. The correct choice is (b). A current is induced in 
a loop only if magnetic flux linked with the coil 
changes. 

3. The correct choice is (d). The induced emf is constant 
in the case of rectangular coil because the rate of 
change of area is constant. But in the case of the 
circular coil, the rate of change of area (and hence 
the rate of change of magnetic flux) keeps varying as 
the loop is moving towards the field-free region. 

4. The correct choice is (a). The retarding force is 
caused by the eddy currents and according to Lenz's 
law, the induced emf must oppose the cause. The 
cause is the falling bar. 

5. The correct choice is (d). A coil offers no reactance 
to d.c. currents. Hence there will be no change in the 
brightness of the bulb when an iron core is inserted 
in the coil. 

6 . The correct choice is (c). If an iron core is inserted 
in the coil, its inductance L increases. Hence its 
reactance coL increases, causing a decrease in the 
current in the circuit. As a result, the brightness of 
the bulb will reduce. 

7. The correct choice is (a). The reactance of a capac itor 
is 1 /coC. Hence if C is decreased, the reactance will 
increase and as a result the current in the circuit is 
decreased causing a decrease in the brightness of the 
bulb. 


4 Previous Years' Questions from AIEEE, MT-JEE, 
JEE (Main) and JEE (Advanced) 

SECTION ( w jfh Complete Solutions) 


1. The inductance between points A and D is 


/ T87^ 
3 H 


3 H 


/ 7nmp i • d 

3 H 


(a) 3.66 H (b) 9 H 

(c) 0.66 H (d) 1 H [2002] 


2. The power factor of an AC circuit having a resistance 
R and inductance L (connected in scries) is (co is the 
angular frequency of the AC source) 


(a) 

R 

(b) 

R 

coL 

[R 2 + co 2 L 2 ]' /2 

(c) 

coL 

(d) 

R 

R 

r 2 2 »2 1^2 [2002] 

- co~lr 
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3 Bat 2 

~Y 



5 B(of 2 
2 


(b) 2 Bcaf 2 

(d) Bait 2 [2013] 


36. A circular loop of radius 0.3 cm lies parallel to a 
much bigger circular loop of radius 20 cm. The 
centre of the small loop is on the axis of the bigger 
loop, the distance between their centres is 15 cm. If a 
current of 2.0 A flows through the smaller loop, then 
the flux linked with bigger loop is 

(a) 6 x 10 11 weber (b) 3.3 x 10 11 weber 

(c) 6.6 x 10 9 weber (d) 9.1 x 10 " 11 weber 


[2013] 

37. Inana.c. circuit the voltage applied is£' = £ 0 sin cot. The 
resulting current in the circuit is 7 = / 0 sin 

The average power consumption in the circuit is 


K 

cot - 

2 


(a) P = 

Vo 

yfl 

(b) P = 

zero 

(c) P = 

2 

(d) P = 

V2 £ 0 / 0 12014] 

fggM . 

Answers 

'V"° 



1 . (d) 

2. (b) 

3- (b) 

4. (d) 

5. (b) 

6 . (d) 

7- (c) 

8 . (a) 

9. (c) 

10 . (d) 

11 . (b) 

12 . (b) 

13. (c) 

14. (b) 

15. (d) 

16. (b) 

17- (c) 

18. (a) 

19. (b) 

20 . (d) 

21 . (a) 

22 . (b) 

23. (c) 

24. (b) 

25. (d) 

26. (a) 

27. (b) 

28. (b) 

29. (b) 

30. (a) 

31. (b) 

32. (b) 

33. (d) 

34. (d) 

35. (c) 

36. (d) 


37. (b) 


Solutions 

1. The three inductors are in parallel as shown in the 
Figure. 


a J-^innnr- 


B 




W 


D 


A, C 








B, D 


.*. Equivalent inductance between A and D is 
1 


1 1 1 

T~ = 7 + 7 + T = 1 =>Ica= 1 H 
3 3 3 cq 


'cq 


2. Power factor = 


R 


R 2 + co 2 L 2 


1/2 


resistance 

impedance 


3. Assuming that the transformer is ideal, i.e. there is 
no power loss, output power = input power 


.*. E p I p = E s I s . Also 


h 

i. 


Es 

E. 


E p . 

_ n p 

E s 

N s 

K 

_ 280 

n p 

” 140 


= 2 


1 p 4 

=>/,= -r = T =2A 
2 2 

4. The induced emf is due to change in magnetic 
flux due to change in area and is given by e = 
vBL. 

5. The correct choice is ( b ). 

6 . Induced emf is 

r Cil 

e = - L — 
dt 

Change in current dl = final current - initial current 

= - 2A - 2A = - 4A 

Also dt = 0.05 s. 

-4 


8 =-Lx 


0.05 


L = 0.1 H 


7. The maximum energy stored in the electric field 
between capacitor plates is 
>2 


)max 


Q 


2 C 


(v O = maximum charge) 


At this time, the energy stored in the magnetic field 
of the inductor is zero. Let c/ be the charge on the 
capacitor when the energy is equally shared between 
electric and magnetic fields, then 

u.= — = - (ly - Ql 


ic 


'max 


4 C 


Q 


Copyrighted material 






14.50 


Complete Physics—JEE Main 


8 . The correct choice is (a). 

9. A complete cycle of an alternating current consists 
of two half cycles. In one half cycle the current is 
positive and in the next half cycle, the current is 
negative. Hence, in one complete cycle, the average 
value of current is zero. So a DC ammeter will read 
zero. 

10. Given V L = V c = V R = 50 V. In a scries LCR circuit, 
the voltage V L across L leads the current / by 90° 
and the voltage V c across C lags behind the current 
/ by 90°. Since V L = V 0 the voltage across the LC 
combination will be zero. 


“\4 



.90° 

Vr 


J 90° 

► 


"V G 




11. Induced emf is 

dtp (final flux - initial flux) 

e = -n — = - n -- 


= —n 


dt 

02 -01 A 


time 


t ) 

Total resistance in the circuit R' = R + 4R = 5R 

T , e "(02 -0i) 

.*. Induced current = —r = -—- 

R SRt 

12. Magnetic flux through the coil is 
tp = B A cos 6 

Here A = — (nr 2 ) and G= cot. Therefore, 

2 

1 

<p = — (Bnr ) cos cot 
The induced emf is 


dtp _ 
dt 


f Bnr 2 co N 


sin cot 


Power P = — - ^ Kr _ (0 } s in 2 cot 
R 4 R 

Average power in one time period is 

_ (Bnr 2 co) 2 . 2 
<P> = - -— <sin“ cot> 


4 R 

(Bnr 2 co) 2 
8 R 


r 


v < sin cot >- 


\ 


1 

2 j 


13. Resonant frequency is 

v.. = 


1 


IkPlC 

If C is doubled, L must be halved so that v r remains 
unchanged. 

1 , 

14. e= - Bcol 2 

2 

= ^ x (0.2 x 10 -4 ) x 5 x (l ) 2 

= 0.5 x 10 " 4 V 
= 50 x 10^ V 
= 50 nV 

15. Suppose each tube moves a small distance dx in time 
dt. The change in area = / x 2 dx. The rate of change 
in area is 

dA dx 

— = 2 / — = 2lv 
dt dt 

Magnitude of induced emf is 
d± = d_ iBA)=B <M =2Blv 
dt dt dt 

16. At an instant of time /, the current is given by 

/ = / 0 (1 - e~ Rt L ); / 0 = steady state current 


At / = 0, / = 0. Let / = — at time t. Then 


= / 0 (1 - e ~ Rt/L ) 


1 

2 " 1 _ 6 


-Rt/L 


-Rt/L 


1 

2 


c Rt/L = 2 
Rt 


= In (2) = 0.693 


t = 


0.693 x L 
R 


-3 


0.693 x (300 x 10 ) 


= 0.1 s 

17. The maximum power is imparted at resonance, i.e. 
when 

1 1 

CO = ”r —- or V = 


n/Zc 

which gives 


C = 


1 


ijiPlc 


i 


4k 2 v 2 L 4 x (3.14) 2 x (50) 2 x 10 
= 1 x 10 6 F = 1 |iF 
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r j 2 

18. Power factor = ~ = yr = 0.8 

19. If an AC circuit contains only capacitance C or only 
inductance L or a scries combination of resistance 
C and inductance L, the phase difference between 
the current and voltage is nil. But if the circuit 
contains R and L, the phase difference between the 
current and voltage can have any value between 0 
and nil depending on the values of L and R. Hence 
the correct choice is (b). 

20. Induced emf is E = - — 

dt 

d 

= -— (1 or -50/ + 250) 
dt 

= - 20/ + 50 

/. E (at t = 3s) = - 20 x 3 + 50 = - 10 V, 

21. The resonant angular frequency is given by 


1 


which gives 


(0 = 


L = 


4lc 

1 


1 


Cco 1 (2 x 10“ 6 )(200) : 
100 


8 


= 12.5 H 


At resonance, impedance Z = R. Therefore, the 
current in the circuit is 

V V 100 V 
/- Z -~R~ 10000 _01 A 
/.Voltage across inductor ( VL ) = IX L = IcoL 

= 0.1 x 200 x 12.5 
= 250 V 

22. The induced emf is given by 

E = coNAB sin cot 
£max = mNAB. 

23. The decay of current in an LR circuit is given by 

/= - e- R,/L 

R 

Substituting the values of E , /?, L and t we get 

1 

/ = - ampere 
e 

24. Phase difference between voltage E and 

K 

current / is (p = —. The time-averaged power 
consumption is given by 

<P> = 4ns £ nns cos <t> = 0 V $ = \ 

25. L= 10 H, JJ = 5Q, V=5 V, / = 2s 


The steady state current is 
V 5V 

The current at time / = 2 s in the L-R circuit is 
r _ j /i -Rt/L\ 

= l x(i -<r 5x2/10 ) 

= (1 - e 1 ), which is choice (d) 

26. A = 10cm 2 = 10x 10 4 m 2 = 10 3 m 2 ,/ = 20cm = 0.2m 

V0W2A 

l 


(An x 10“ 7 ) x 300 x 400 x 10 -3 


27. Time constant z = 


0.2 
L 


= 2.4 7TX \(T* H 


400 x 10 


-3 


R 2 2 

Current through the inductance is 
E 


= 0.2 s. 


/ = 


(l-c-' /r ) 


*2 

12 


(1 _ = 6(1 - e J ') 


5ts 


/. Potential drop across L is 

e= -Iy = - 0.4x4[6(l-eT 5 ')] 
dt dt L J 

= 0.4 x 6 x 5 x e~ 5t = \2e~ 5t volt 

28. When a wire of length / moves with a velocity v 
perpendicular to a magnetic field B , an emf E = Blv 
is induced between its ends. Hence the equivalent 
circuit is as shown in the figure. From Kirchhoff’s 
junction rule. 



R 


Applying Kirchhoff's loop rule to loops abefa and 
bedeb we have 

E-IR-I\R = 0 (1) 

and I 2 R + IR-E = 0 (2) 

Adding (1) and (2), we get /, = I 2 
Subtracting (1) and (2), we get 
2 E - 2IR - (/, + 1 2 ) R = 0 
2E-2IR- IR = 0 
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1 = 


2E _ 2Blv 
3 R ~ 3 R 


I _ Blv 
/,_/2_ 2 " 3 R 


29. In a d.c. circuit consisting of L and R , the current 7 
grows with time / as 

L /=/ 0 (l -e~' lT ) 

where r= — is the time constant and is the final 
R 

steady current. At t = 0, / = 7 0 (1 - 1) = 0. Thus no 
current flows in the branch containing L and R\ at 
t = 0 and the inductor behaves as open switch (infinite 
resistance). Hence at t = 0, 

V 

l ~ *T 

At t = oo, 7 = 7 0 (1 - 0) = 7 0 (= final steady current). 
Hence at / = <*>, the inductor behaves as a closed 
switch (zero resistance). So at / =°o, the equivalent 


resistance of the circuit is R = 
current is 


*■*2 
R\ + /?2 


and the 


32. Let q be the charge on the capacitor when U e = L\ 
where U e = — and U m = —Li 1 . Given U = U, 

c 2C m 2 

i.e. 




m’ 


=I^=Il = 


2C 2 
^ = + 


^ dq ' 
V cit / 


(1) 


dt VZc 

The angular frequency of an LC circuit is given by 

1 


(0 = 


VZc 


The charge oscillates between the capacitor plates 
simple harmonically. Since q = q () at / = 0, 
q = q 0 cos cot 


dq . q 0 

— = -coq () sin cot = —p=- 

dt VZc 


sin cot 


(2) 

(3) 


Using (2) and (3) in (1) we get 


q o . < 7 n cos cot 

sin cot = + u 


VZc 


VZc 


k = f(*, +* 2 ) 


/? 


*1 *2 


30. In a series LCR circuit the phase angle 0 between 
voltage and current is given by 

1 


coL - 


tan 0 = 


coC 


R 


If capacitor is taken out, tan 0 = 
coL 


coL 

R 


tan 30° = 

1 


. If inductor is taken out, tan 0 = - 
R Y coCR 


tan 30° = - 


1 


coCR 

coL 


. Hence 

1 


R 


coCR 


coL = 


coC 


This is the resonance condition. At resonance, 
impedance Z = R. Hence 


P = 


V 2 ( 220 )* 


R 


200 


31. Impedance Z = 


= 242 W 


R 2 + 


nl \2 


(coC) 2 


, V 
,4=-. As co 


increases, Z decreases. Hence the current 7 0 increases. 
Therefore, the bulb glows brighter, which is choice 
(b). 


= +-VZc. 

4 

= (5.0 x 10' D )x2x 1.5 
= 15 x 10 ' 5 V = 0.15 mV 

34. When a matel plate is placed near an oscillating coil, 
eddy currents are set up in the metal plate. From 
Lenz’s law, these current will oppose the current 
in the coil. Hence the coil quickly stops. This 
phenomenon is called electromagnetic damping. So 
the correct shoicc is (d). 


-► 





h 

i 









► 


35. Divide the rod into a large number of very small 
elements each of length dx. Consider one such 
element at a distance x from end O where the string 
is fixed. Linear speed of the element is v = codx. The 


tan cot = +1 


n 

cot = + — 

4 

t _ K 

VZc -+ 4 


= / 


33. e=Biv 
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ELECTROMAGNETIC 

WAVES 


Chapter 



REVIEW OF BASIC CONCEPTS 



1. Displacement Current 

Wc know that a magnetic field changing with time gives 
rise to an emf (due to change in magnetic flux) and hence 
an electric field. Is the converse also true? 

James Clerk Maxwell (1831-1879) argued that this was 
indeed true, i.e. a time varying electric field gives rise to a 
magnetic field. From Ampere’s circuital law, this magnetic 
field will give rise to a current. Maxwell recognised that 
this current cannot be the conventional conduction current 
because it can exist even in a vacuum. He called this 
current the displacement current which exists in addition 
to the conduction current. 


2. Maxwell's Equations 

Maxwell modified Ampere’s circuital law by including 
the displacement current and formulated a set of equations 
involving electric and magnetic fields, their sources and 
charge and current densities. These equations arc known 
as Maxwell’s equations, which are as follows: 


1. cj)E-dA = 

2. j BdA = 

3. j>E dl=- 


Q_ 

£ o 
0 

d& 


B 


dt 


4. j,B cll=^ 0 i c + n 0 e 0 


(Gauss’s law for electrostatics) 


(Gauss’s law for magnetism) 


(Faraday’s law) 


c]0£ 

dt 


(Ampere-Maxwell law) 


= Voi'c + id) 

where i c = conduction current and i d = displacement 
current. The other symbols have their usual meaning. 


EXAMPLE 1 A parallel plate capacitor is 
charged by connecting its plates to a battery. Show that 
the displacement current between the plates during the 
charging process is equal to conduction current in the 
connecting wires. 

© SOLUTION When a capacitor is connected to a 
battery, it takes a finite time to be fully charged to the volt¬ 
age of the battery. During the charging process, a current 
called displacement current i d flows between the capacitor 
plates which is given by 


i a — £( 


d<*>E 

dt 


Consider a closed Gaussian surface enclosing the plates. 
According to Gauss’s law, the electric flux through the 
surface is given by 

fn 


o F = 


where q is the charge at the positive plate. Hence 

dq 


l d £ 0 


dt 


~ £ ° dt 


d ( q N 


J 


dt 


But 


dq 

~dt 


is the rate at which the charge is carried to 


the positive plate through the connecting wires. Hence 
i d = i c . This also follows from the principle of continuity 
of current. 

© EXAMPLE 2 A parallel plate air capacitor of 
capacitance 1 nF is charged by connecting the plates to a 
battery of voltage 2 V through a series resistance of 500 Q. 
At a certain instant of time, the current in the circuit is 
0.5 A during the charging process. What is the displacement 
current between the capacitor plates at that instant? 

© SOLUTION From continuity of current, the dis¬ 
placement current = conduction current = 0.5 A. 
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EXAMPLE 3 A parallal plate capacitor of 
capacitance 100 |iF is connected across a 50 Hz variable 
voltage source. The displacement current between the 
plates at an instant when the voltage of source is 200 V is 

(a) n ampere (b) 2/r ampere 

(c) 3/r ampere (d) 4/r ampere 

SOLUTION Capacitative reactance 

1 1 

' ( coC 2/r x 50 x 100 x 10“ 6 


100 


n 


ohm 


Current through the capacitor is 


200 


Ia = 


J 100/7T 


= 2/r ampere 


EXAMPLE 4 At a certain instant of time, the 
potential difference between the plates of a capacitor of 
capacitance 2 pF is charging at a rate of 2 x 10 6 V s '. The 
displacement current at that instant is 


(a) 1 A 
(c) 3 A 


(b) 2 A 
(d) 4 A 


SOLUTION ij = e 0 


dO, 


dt 


VA VA 

0 e =E A = v 


SOLUTION q = CV — 


E = « 


V 

= e 0 AE (v E= —) 
0 d 


e 0 A 


A = area of plate = 20 cm x 20 cm 


= 400 cm 2 = 4 x 10 2 m 2 


Electric flux through the capacitor is 

0 E = E x A = — 


0 


where 

Also 


q 0 = CV = 10^x2 = 2 X 10~ 6 C 
T = C/?= lO^x 10 3 = 10" 3 s 

T - 1 


Displacement current i ci = £ 0 


dt 


= ^o- 


d_ 

dt 




% —t / T 

C- 


_ 2 x 10 6 ^-//io 3 


-3 


At / = 10 3 s, 

i d = 2 x 10 3 e~ l = 


10 


2 x 10“ 3 2 x 10" 3 


2.718 


= 7.36 x 10 4 A 



^o- 


d_ 

dt 


( VA_ 

v d 


£ 0 A dV 
d dt 


C 


dV_ 

~dt 


= 2x 10" 6 x2 x 10 6 


= 4 A 

Q EXAMPLE 5 A parallel plate capacitor with square 
plates, each of side 20 cm has a capacitance of 1 pF. At 
time t = 0, it is connected for charging to a 2 V battery 
through a series resistance of 1 kQ. The charge on the 
capacitor varies with time / (in second) as 

q(t)=q 0 [\-e- t/T ] 

where <y 0 = CV and r= CR is the time constant of the CR 
circuit. Calculate the displacement current between the 
plates at t = 10 3 s. 


3. History of Electromagnetic Waves 

Ampere’s law states that a time-varying electric field at 
any point is a source of magnetic field. Faraday’s law states 
just the reverse namely, that a time-varying magnetic field 
is a source of electric field. These laws led Maxwell to 
conclude that space and time varying electric and magnetic 
fields produce an electromagnetic disturbance which can 
travel even in particle-free space. This disturbance is called 
the electromagnetic wave. Thus, electromagnetic waves 
are those waves in which electric and magnetic fields vary 
sinusoidally in space and time. 

In 1865, Maxwell predicted the existence of 
electromagnetic waves. His theory further predicted that 
electromagnetic waves of all frequencies (and hence all 
wavelengths) should propagate with the speed of light. 
This theory was first experimentally verified by a German 
physicist, Heinrich Hertz in 1888. He used a simple 
electric oscillator and was able to pick up its radiation of 
electromagnetic waves on a radio receiver some distance 
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5. In an electromagnetic wave, the total energy of the 
electromagnetic field is shared equally between the 
electric and magnetic fields. 

6 . Electromagnetic waves of all frequencies exhibit 
the phenomena of interference, diffraction and 
polarization. 

9. Spectrum of Electromagnetic Radiation 

Beginning with the remarkable demonstration by Hertz 
of the existence of long wavelength electromagnetic 
waves, scientists began looking for electromagnetic 
waves of wavelengths much shorter than the visible 
light. In 1898 Rontgen discovered X-rays which are 
electromagnetic waves of wavelength about 10 10 m. The 
wavelength of visible light is in the range of 4 x 10 
to 8 x 10 m. Radiowaves, X-rays and visible light are 
all electromagnetic waves and travel with the same speed 
c = 3.0 x 10 ms in free space. They differ in wavelength 
(and hence in frequency, v= c/A) only, which means that the 
sources that produce them and their detectors are different. 
Table 15.1 shows the frequency range, wavelength range, 
the names and the sources of the known electromagnetic 
radiations. The spectrum of electromagnetic radiation has 
no upper or lower limits and all the regions overlap. 

Notice that visible light is only a very small part of the 
total electromagnetic spectrum. We sec that electromagnetic 
waves have a very wide of wavelengths (and hence of 
frequencies). Although they are identical in nature, their 
interaction with matter or their physiological action on 
living bodies depends on their frequency. Infrared rays are 
thermal radiations which produce heat. X-rays and gamma 
rays arc highly penetrating, to mention only a few of the 
effects. 

10. Uses of Electromagnetic Spectrum 

The different regions of the total electromagnetic spectrum 
have been put to the following uses: 


1. Radiowaves are used in radar and radio broadcasting. 

2. Microwaves are used in long distance wireless 
communications via satellites. 


3. Infrared, visible and ultraviolet traditions are used to 
know the structure of molecules. 

4. Diffraction of X-rays by crystals gives the details of 
the structure of crystals. 

5. The bones are opaque to X-rays but flesh is 
transparent. X-ray pictures of a human body are 
used in medical diagnosis of fractures and cracks of 
bones. 

6 . The y-rays are used in the study of the structure of 
the nuclei of atoms. 

© EXAMPLE 6 A charged particle oscillates about its 
equilibrium position with a frequency of 10 10 Hz. What is 
the frequency of the electromagnetic waves produced by 
the oscillating charge? 

© SOLUTION The frequency of the electromagnetic 
waves is the same as that of the oscillating charge, i.e. 
10 10 Hz. 


(Q) EXAMPLE 7 A plane electromagnetic wave of 
frequency 60 MHz travels in vacuum along the positive 
^-direction. The electric field E at a particular space point .v 

a _ i 

and an instant of time t is 9.6 j Vm . Find the magnitude 
and direction of magnetic field B at this point at time t. 



SOLUTION 



9 6 , = 3.2 x 10' 8 T 
3 x 10 8 


In an electromagnetic wave, the E and B fields oscillate 
in mutually perpendicular direction, each perpendicular to 
the direction of propagation of the wave. Since E is along 
+y direction and the wave propagated along +jc direction, 
the direction of B will be along +z direction. Thus 

B = 3.2 x l(r 8 k tesla 

© EXAMPLE 8 In a plane electromagnetic wave, the 
electric field (in Vm ') is given by 


Table 15.1 The electromagnetic spectrum 


Name 

Frequency range (Hz) 

Wavelength range (m ) 

Source 

Radio waves 

10 4 to 10 s 

0.1 to 600 

Oscillating electric circuits 

Microwaves 

10 9 to 10 12 

10 3 to 0.3 

Oscillating current in special vacuum tubes 

Infrared 

10" to 5x 10 14 

10“ 6 to 5 x 10 3 

Outer electrons in atoms and molecules 

Visible light 

4 x 10 14 to 7 x 10 14 

4 x 10 7 to 8 x 10 7 

Outer electrons in atoms 

Ultraviolet 

10 15 to 10 17 

1.5 x 10 7 to 3.5 x 10 7 

Outer electrons in atoms 

X-rays 

10 ls to 10 20 

10 11 to 10 8 

Inner electrons in atoms and sudden deceleration 
of high energy free electrons 

Gamma rays 

10 19 to 10 24 

10 16 to 10 13 

Nuclei of atoms and sudden deceleration of 
high energy free electrons 
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For non-magnetic media = //q. Hence 

A = [K= H= /i 

4 Ve \e r V4 

A, 


1 

2 


.*. A = 


_ "o 


Thus the correct choice is (c). 

7. The intensity of radiation of intensity / when it 
passes through a thickness x of an absorbing medium 
is given by 

V = Ie~^ 

where ji is a constant. When x x = 36 m, I' = — . 

8 


Therefore, 


or 


- = / 

8 

i-'*' 

<J“I = 8 

Hx x = In ( 8 ) = 2.08 




2.08 


Let x 2 be the thickness of lead for / to reduce to 
/ 

/ 2 = 2 


Then 


2.08 


- = Ie>* 2 
2 

Hx 2 = In ( 2 ) = 0.693 


xx 2 = 0.693 


0.693 x x 


Xo = 


2.08 

0.693 x 36 mm 


2.08 


= 11.99 mm - 12 mm 


8 . The total energy density of an electromagnetic wave 


is 


where 


it = u e + u m 

1 2 B ~ 
u p = - E“ and = - 

e 2 0 2,u 0 


The electric field of the wave is given by 

E = E 0 sin cot 


where £ 0 is the peak value of E and co is the angular 
frequency. The average energy density associated 
with electric field is 


1 

<u> = — E 0 £“ 0 <sin~ cof> 


1 


where <sin 2 (OP> = — Jsin 2 (cot) dt= — 


Hence 


Also 


I lence 


<li e > ~r £ o E o 

4 


B 2 


<U > = 

11 m 




1 


V c = 




y 


<w > = -e n E 




0^0 


1 


Total energy density <w> = <w t > + <w /w > = — e 0 E 2 0 

1 

+ 4 ^ o 

1 


= 

= £ E 2 

c 0 ^ rms | * rein — ^ 

= (8.85 x 10 -12 ) x (720) 2 


/ f \ 

• e = 0 

V V2/ 


= 4.58 x 10 “ 6 Jm -3 

9. The direction of polarisation vaector X is parallel 
to the plane containing the electric field £*. The 

propagation vector it is perpendicular to (E x B ). So 
the correct choice is (b). 


—> 
s 



Fig. 15.1 


10. E 0 = cB 0 

= (3x10 s ) x (20xl0“ 9 ) 
= 6 Vm _l 

11. The correct choice is (d). 
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REVIEW OF BASIC CONCEPTS __ 

1. Reflection of Light 

(i) Law of Reflection 

Angle of reflection = angle of incidence 

A ray incident along the normal to a reflecting surface 
retraces its path after reflection. 

(ii) Reflection at a plane surface (mirror) 

(a) Distance of image from mirror = distance of 
object from mirror. 

(b) Size of image = size of object. 

(c) If the object moves with a certain velocity, the 
image moves with the same velocity but in the 
opposite direction. 

(d) Keeping the incident ray fixed, if the mirror 
is rotated through an angle ft the reflected ray 
rotates through an angle 2 ft 

(e) If two mirrors are inclined at an angle 0 (in 
degrees), the number of images formed by the 
mirrors of an object is 


360 .. 360 . 

- 1 tr - is an even number, 

e J e 


( 360 .. 360 . . - 

• -1 it - is an odd number and the 

Ifl j e 

object is placed at the same distance from the 
mirrors, and 

f 360^ 360 . .. u 

• - it- is an odd number and the object 

{ 0 ) 0 

is not placed at the same distance from the 
mirrors. 

(f) If three mirrors are placed mutually perpen¬ 
dicular and adjacent to each other, the number 
images of an object placed in front of them is 7. 


Chapter 


. Reflection at a Spherical Surface (Concave 
Mirror or Convex Mirror) 

(a) Sign conventions 

(i) All distances are measured from the centre 
(pole) of the mirror. 

(ii) Distances measured in the direction of incident 
rays are taken as positive while those measured 
opposite to the direction of incident rays are 
taken as negative. 

(iii) Distances above the principal axis are taken as 
positive while those below the principal axis 
are taken as negative. 

(b) The spherical mirror formula (for both concave and 
convex mirrors) is 

- + - = —;/= —, where 
v u f 2 

u = object distance, v = image distance, /= focal 
length and R = radius of curvature. For convex mirror 
/is positive and for an concave mirror/is negative. 

h v f 

(c) Linear magnification m = — = — = —- 

h Q u f - u 

= f~ v 

f 

For an erect image m is positive and for an inverted 
image m is negative. 

(d) A concave mirror forms a real and inverted image of 
an object placed beyond its focus and a virtual and 
erect image if the object is placed between the pole 
and focus. A convex mirror forms a virtual and erect 
image for all positions of the object. 
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3. Snell's Law of Refraction 

If a ray of light travelling in a medium of refractive index 
p { is incident at angle / on the boundary of a medium of 
refractive index p 2 , then 

p x sin i = n 2 sin r 

where r is the angle of refraction in medium p 2 . 

4. Refractive Index and Speed of Light 

speed of light in air or vacuum _ c 
speed of light in the medium v 

The value of p depends upon (i ) nature of the medium and 
(ii) wavelength (colour) of light. 

th = 

Ah ^2 

5. Refraction of Light through a Plane Slab 

When a ray of light passes through a glass slab of thickness 
t (Fig. 16.1), 


Incident ray 

t 


Emergent ray 

Fig. 16.1 

(a) the emergent ray is parallel to the incident ray and 

, , .. . fsin(i-r) 

(b) lateral displacement x = -- 

cosr 



6. Real and Apparent Depth (or Height) 

(a) An object in a denser medium (water) viewed by an 
observer in a rarer medium (air) from above [Fig. 
16.2(a)] 

Real depth OA = d , Apparent depth AI = d' and 


d 



Apparent shift 01 = d - d' = d - 
p = refractive index of water. 




(a) (b) 

Fig. 16.2 


(b) Object in air viewed by observer under water [Fig. 
16.2(b)] 

Real height OA = lu Apparent height AI = W = ph. 
Apparent shift Ol = h' - h = ph - h = (p - 1 )h. 

7. Total Internal Reflection 

For total internal reflection, 

(a) the incident ray must travel in a denser medium (p 2 ) 
to the boundary of a rarer medium p { (< p 2 ) and 

(b) the angle of incidence must be greater than critical 
angle i c given by (Fig. 16.3) p 2 sin i c = jU, sin 90° 

=> sin i c = — . If rarer medium is air (p x = 1 and 

, A*2 

p 2 = p) then 

. . 1 
sin / . = — 


< P 2 



Fig. 16.3 

The value of i c depends upon p ]9 p 2 and wavelength 
of light. 

8. Refraction through a Prism 

When a ray of monochromatic light is refracted by a prism, 
the deviation S produced by the prism is (Fig. 16.4) 
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Fig. 16.4 


8 = i i + i 2 - A 

where /, = angle of incidence, i 2 = angle of emergence and 
A = refracting angle of the prism. Also 

A = r, + r 2 

The deviation is minimum = 8 m , if /, = i 2 . Then r, = r 2 . 
Then 



where fi 2 = refractive index of the material of the prism 
and p { = refractive index of the medium surrounding the 
prism. H p { = 1 (air) and p 2 = p, then 



For a thin prism, angles /,, /' 2 , r,, r 2 and A are small and 

S = (p-\)A 

9. Refraction at a Spherical Surface 

If the rays from an object travelling in a medium of 
refractive index p { are refracted at the spherical surface 
(convex or concave) of a medium of refractive index p 2 
forming an image, then the object and image distances u 
and v are related as 

—-- = ——— (with sign convention) 

v u R 

where R = radius of curvature of the spherical surface. 

Linear magnification m = y- = — . 

% u 

If the first medium is air, p { = 1 and p 2 = p, then 

= n-i 

v u R 


If the incident rays from the object are in medium p 2 and 
are refracted at the spherical surface of medium p l9 then in 
the above formula p ] and p 2 arc interchanged, i.e. 

f^_!i i = H\-Vi 

v u R 

Application: Image formed by a transparent sphere 

Case (a): When the object O is in air outside the sphere of 
radius R. (Fig. 16.5) 



Fig. 16.5 

f is the angle of O due to refraction at P. For this 
refraction, 

= Ozl 

v' u R 

(u is negative, and R is positive). 

This image f serves as the virtual object for refraction 
at Q forming the final image I. For refraction at Q (since 
the incident rays are in medium p), we have 

— - — = -— — where u — if -2R 
v u R 

(u is positive and R is negative). 

Case (b): When the object O is on the surface of the sphere 
(Fig. 16.6). 



Fig. 16.6 

]__a_ = i-/i 

v u R 


where u = 2R. 

(u is negative and R is also negative). 
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Case (c): Object O inside the sphere (Fig. 16.7) 

= i-/i 
v u R 

(u is negative and R is also negative) 



Fig. 16.7 

10. Refraction through a Lens 

(i) Relation between u, v and/for a lens (convex or 
concave) is 

111 .. 

-= — (with sign convention) 

v u f 

Linear magnification m = ~r~ “ — = ^ 


u 


_ f 


f 


f + w 


The focal length /is positive for converging (convex) 
lens and negative for diverging (concave) lens. 

(ii) Focal length / of a lens of refractive index p 2 
surrounded by a medium of refractive index p ] is 
given by 


\_ 

7 


/i 2-^1 

Ah 




1 


R 


(with sign convention) 


2 7 


where R x = radius of curvature of the surface of the 
lens on which the rays are incident 

R 2 = radius of curvature of the surface of the lens 
from which the rays emerge after refraction through 
the lens. 

If the media on the two sides of the lens are different 
(e.g. a lens floating on water) as shown in Fig. 16.8, 
then 

. 02 


J_ 

7 


_, Vi-Hi 

P^R\ A* 3 ^2 



Water 


Fig. 16.8 


(iii) Power of lens P = 


1 


/(in metre) 


(iv) Lens maker’s formula 

If a lens is surrounded by air, p x = 1 and /l1 2 = AL then 


j = 0 i-i) 


<i 


1 


/?, R- 


V iV l /v 2 7 
This is the lens maker’s formula. 

Applications of tens maker's formula 

(a) Equi-convcx lens (Fig. 16.9) 

R j = + /?, R 2 = — R 

1 ' 


1 , i 

7 ‘ 


R -R 



Fig. 16.9 


/ is positive. 

(b) Equi-concave lens (Fig. 16.10) 

/?, = -R, R 2 = + R 

1 2 

7 

/is negative. 

(c) Double convex lens (R x * R 2 ) 

Ri = + R l 9 R 2 = -R : 

1 / 



Fig. 16.10 


j =(A*-1) 


1 


v*, * 


;/is positive 


2 7 


(d) Double concave lens (/?, ^ //) 

/?, =-/?,, /? 2 = + /? 2 


y = -(A i_ 1) 


1 1 

— + 


\ 


V *1 ^2 7 


;/is negative. 


(e) Plano-convex lens (Fig. 16.11) 



r 2 


Fig. (a): R x = + R 9 R 2 = oo 


y = 0 ^- 1 ) 


'_ 1 _ 
V /? 


oo 


(^- 1 ) 

R 


Fig. (b): /?, = oo, R 2 =-R 
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oo —R 


i 




J 


R 


f is positive. 

(f) Plano-concave lens (Fig. 16.12) 
Ry 




-«2 

~7 





L 



A 


(a) (b) 

Fig. 16.12 

Fig. (a): /?, = - /?, R 2 = oo 

1 . 1 P 


~ =(^-D 


Fig. (b): R x = oo, R 2 = + R 


R 


oo 


(At - 1) 
/? 




/is negative. 

(g) First surface convex, second surface 
concave (Fig. 16.13) 

R X =+R U R 2 = + R 2 


(At ~ 1) 


7^-' ) 


' ! _ !' 

R x R, 



V ,v l 1V 2 J 

Since R 2 > /?,,/ is positive 

(h) First surface concave, second surface 
convex (Fig. 16.14) 

R , = —R\, R 2 = —R 2 


Fig. 16.13 


R‘ 


R' 


j =(M-1) 


J_1 




i J 


Fig. 16.14 

Since R\ > R 2 ,f is positive. 

(i) If a lens of focal length/is cut along AB into two 
equal pieces as shown in Fig. 16.15(a), the focal 
length of each piece is 2 / 




\ 



D 




B 


(a) 


(b) 


Fig. 16.15 


But if the lens is cut along CD as shown in Fig. 
16.15(b), the focal length remains the same equal to/ 

11. Power of a Lens 

fhe reciprocal of the focal length (expressed in metres) is 
known as the power of a lens. 

Power P = --- 

/(in metre) 

The SI unit of P is called dioprc (D) 

If the lens is placed in medium of refractive index then 



fm( in metre) 


where f m - focal length in medium. 

12. Co-axial Combination of Lenses 

If two thin lenses of focal lengths/, and/, are placed in 
contact co-axially (i.e. with their principal axes coinciding), 
the equivalent focal length F of the combination is given 
by 

1 _ _L J_ 

P f + f .2 

Power of combination P = P, + P 2 
If the lenses are separated by a distance cl 

\ _ 1_ J _ d_ 

f ~J + 7 2 ~J/2 

and P = P ] + P 2 - P { P 2 d 

13. Effect of Silvering One of the Refracting 
Faces of a Lens 

If one surface of a convex lens is silvered, it behaves 
like a concave mirror. If one surface of a concave lens is 
silvered, it behaves like a convex mirror. In Fig. 16.16, the 
rays arc refracted at surface 1 , reflected at surface 2 and 
again refracted at surface 1. The effective focal length F 
is given by 



1 = S - 

F fn 
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where/, ? = focal length of lens or mirror repeated as many 
times as there are refractions and reflections. In the case 
shown in the figure, there arc two refractions and one 
reflection. Hence 


1 _ J_ i 1 

~f ~ 7 + 7 + l, 


2 I 

= — + 


m 


f fn, 


whcrc/= focal length of the lens and/,, = focal length of 
the spherical mirror of radius of curvature R 2 . 

(a) If the face of radius of curvature R 2 of a double 
convex lens is silvered (Fig. 16.16), 


1 _ 2 _ _1 

7 ~ 7 + 7, 


m 


where 


and 


j = o*-1) 


1 1 

+ 


yR\ R.j 


L = 


R , 


- = 20i- 1) 
r 


1 1 

— + 


k R\ R iy 


+ 


R, 


(b) If the lens is equi-convex, then R ] = R 2 = R 

i- 201 -i )A + ! = Miz!) 

F R R R 


F = 


R 


2 ( 2 */- 1 ) 


(c) If the plane face of a plano-convex lens is silvered 
(Fig. 16.17), then 


(*!=*, * 2 =~) 


I 2 1 

F ~ f + f t 


m 


where / = 


(P ~ 1 ) 



8 - 


R 


Fig. 16.17 


and 


fm = 


OO 


r- f R 

Thus F = — = - 

2 2(p - 1 ) 

(d) If the curved face of a plano-convex lens is silvered 
(Fig. 16.18), then /?, = °o and R 2 = R. 

J_ = 2_ 

F ~ f + / f 


m 


where I = ^ 


/ 


and 


R 

J m 2 



R 2 


Thus — = 


\_ 

F 


F = 


2QI-D , 2 
R R 
R 


2p 

R 


2p 


EXAMPLE 1 A driver stops his car at a red light. 
The car is fitted with side view mirror of focal length 10 m. 
An ambulance is approaching the car at a constant speed 
of 16 ms" 1 . The speed of image of the ambulance, as seen 
by the driver in the side view mirror, when it is at distance 
of 50 m from the mirror will be 


-i 


(a) 1 ms 


2 

(c) — ms -1 
3 


(b) — ms 
9 


-i 


(d) 2 ms 


-l 


SOLUTION The side view mirror of a car is a 
convex mirror. Given/= +10 m and u = -50 cm. Using 

these values in — + — = we have 

v u f 


\_ J_ 
v -50 


1 


= + 


10 


50 

v = + —m 


Differentiating — 4 - — = — with respect to /, we have 

v u f 


\ civ 1 du 

- -r— =0 

IT dt 


u 


2 dt 


or 


dv 

~dt 

dv 




a 


du 


dt 


dt 


V du 

—r x - 

iC dt 


V 


Speed of image = — x speed of ambulance (object) 


u 


(50/6) 


(50) 2 

- ms ’ 1 
9 


x 16 


EXAMPLE 2 A rod AB of length 5 cm is placed in 
front of a concave mirror of focal length 10 cm as shown 
in Fig. 16.19(a). The length of the image of AB formed by 
the mirror is 


(a) 2.5 cm 
(c) 10 cm 


(b) 7.5 cm 
(d) 12.5 cm 
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EXAMPLE 10 In Example 9 above, the image of 
air bubble O is seen by the observer from diametrically 
opposite end B as shown in Fig. 16.26. The distance of the 
image from point A will be 

(a) zero 

(b) equal to R to the left of A in air 

(c) at centre C of the sphere 

(d) at point B. 


= 1 



)> 


Fig. 16.26 

SOLUTION Rays from O travel from glass to air. 
Hence 

Ah _ \h = Ah-AH 

R 


v 


u 


Here u = BO = - 
and p 2 = 1-5. 


2 


3 R 


, R = BC = -R , p ] = 1 


j 


1 


1.5 


v -3R/2 


1-1.5 

-R 


1 


J_ _ _ 

v ~ 2R R~ 2R 

v = -2R 

Thus the virtual image is seen at a distance of 2 R to the left 
of B , i.e. the image is seen at A. So the correct choice is (a). 

0 EXAMPLE 11 The linear magnification of an 
object placed on the principal axis of a convex lens of 
focal length 30 cm is found to be + 2. In order to obtain 
a magnification of - 2 , by how much distance should the 
object be moved? 

0 SOLUTION In the first case, the magnification is 
positive which implies that the image is erect, virtual and 
on the same side of the lens as the object. If c/ is the object 
distance then u = - a and v = — 2a. From the lens formula, 
we have 

I_I = 1 

v u f 


111 

or-= — => a = 15 cm 

— 2a —a 30 

So the object is at a distance of 15 cm from the lens. In the 
second case, the magnification is negative, the image is 
real, inverted and on the other side of the lens as the object. 
If h is the object distance, the u — ~ b and v = + 2b. Hence 

1 1 1 . 

-= — => b = 45 cm 

2b -b 30 

Thus the object has to be moved through a distance of (45 
- 15) = 30 cm away from the lens. 

0 EXAMPLE 12 A parallel beam of light falls on a 
convex lens. The path of the rays is shown in Fig. 16.27. 
It follows that 


(a) //, >/i>jU 2 
(c) fi x = n < n 2 


(b) 

(d) 





Fig. 16.27 

SOLUTION Since the ray does not bend at the first 
face of the lens, i.e. it is not refracted, = fi. When this 
ray meets the second face, it bends towards the normal to 
that face. Hence p 2 > Hence the correct choice is (c). 

0 EXAMPLE 13 The distance between the object and 
the real image formed by a convex lens is d. If the linear 
magnification is m, find the focal length of the lens in terms 
of d and m. 

SOLUTION The convex lens formula for a real im¬ 
age is 

- + - = 7 (0 

V u f 

where no sign conventions arc to be used. Multiplying by 
u we get 

u , u 1 u , u-f 

— + 1 = — or — =-1= ~ 

v f m / ./ 


or 


or 


m (m -j) =f 


u _ (l + m)f 


(ii) 


m 


Multiplying (i) by v we get 
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V v v 

1 h— = — or 1 + m = ”7 

u f f 

or v =f (1 + m) 

Now u + v = d. Using (ii) and (iii) we have 

(1 + m) f 

d = --— +/(1 + m ) 


(iii) 


which gives 


/= 


m 
m d 


(l + m) 

EXAMPLE 14 A prism PQR of refractive index 

>/2 has the refracting angle of 30°. Face PR of the prism 
is silvered. Find the angle of incidence i on face PO so 
that the ray retraces its path after reflection from face PR 
(Fig. 16.28). 



SOLUTION Refer to Fig. 16.29. The ray AB is re¬ 
fracted along BC in the prism. This ray will retrace its 
path if it falls normally on the silvered face PR. Therefore, 
ZPBC = 60° and angle r = 90° - 60° = 30°. 

From Snell’s law 


P = 


sin / 


1 


sin r 

which gives /' = 45°. 


sin / = ll sin r = \fl x sin 30° = —t= 

V2 



Fig. 16.29 

EXAMPLE 15 A prism is made of glass of 

refractive index >/3 . The refracting angle of the prism is 

A. If the angle of minimum deviation is equal to A , find 
the value of A. 


SOLUTION Given // = V3 and S„, = A. Now 


sin 


A + S 


m 


r 


sin 


A + A 


M = 


sin A 


sin 


(A) 


(A) ~ . 

(A\ 


sin 

sin 

— 

UJ 


l 2 j 

K2) 


2 sin 


fA' 

COS 

r -l 

< 2 j 




sin 


(A\ 

<2 j 


= 2 cos 


/ a\ 


\ ^ J 


( A\ 


2 cos 


= n = V3 


or cos 


v ^) 


v2> 


^3 

2 


or 


A 

2 


- = 30° or A = 60° 


EXAMPLE 16 The refractive index of the material 
of an equilateral prism is V3. What is the angle of 
minimum deviation? 


sin 


SOLUTION Refractive index p = 
Now A = 60° and p = . Therefore 


A + S 


m 


V 


sin 


sin 


/ S ^ 
30° + * 


vj = 




J 


sin 30 c 


or 


or 


sin 


30° + 


m 


r V3 

= v3 sin 30° = — 

2 


30° h —— = 60° which gives S m = 60° 


EXAMPLE 17 A convex lens of glass (/l = 1.5) has 

o 

a focal length of 15 cm in air. The lens is immersed in (a) 
water = 4/3) and (b) in carbon bisulphide = 1.65). 
Find the focal length of the lens and determine whether it 
behaves as a converging lens or a diverging lens. 


SOLUTION Given f a = + 15 cm (convex lens) 

f i i A 


In air, 


In water. 


| = ^g- 1 ) 
J a 


1 


R\ R*> 


v^i 


2 J 


/w 


In carbon bisulphide. 


(a) Dividing (i) by (ii) we get 


f ^ - f*vt ) 

( 1 

1 ^ 



J 

u 

^2 ) 


1 

(n s 

-nA 

( 1 

1 } 

7c~ 


Vc ) 

u 

r 2 ) 


(i) 


(ii) 


(iii) 
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/*= /a X 


(^g-l)Pw 

(P g - i“ w ) 


= (+15)x 


(1.5 - 1) x 4/3 
(1.5-4/3) 


= + 60 cm 


The plus sign shows that the lens behaves as a 
converging lens. 

(b) Dividing (i) by (iii) we get 


/c= /.* 




= (+15) x 


(1.5 -l)x 1.65 
(1.5-1.65) 


= -82.5 cm 


The negative sign shows that, in this case, the convex lens 
behaves as a diverging lens. 

© EXAMPLE 18 Figure 16.30 shows a lens of 
refractive index p = 1.5. C, and C 2 arc the centres of 
curvature of the two faces of the lens of radii of curvature 
10 cm and 15 cm respectively. 



Fig. 16.30 


The lens behaves as a 


(a) converging lens of focal length 60 cm 

(b) converging lens of focal length 12 cm 

(c) diverging lens of focal length 60 cm 

(d) diverging lens of focal length 12 cm 



SOLUTION /?, = + 10 cm, /? 2 = + 15 cm and // = 1.5 


1 , J 1 1 

/ U *2/ 


= (1.5 -1)| —- 
10 


_r 

15, 


=> /= + 60 cm 

So the correct choice is (a). 

© EXAMPLE 19 An object and a screen are mounted 
on an optical bench 80 cm apart. A convex lens is mounted 
between them. It is found that a sharp image of the object 


is obtained on the screen for two different positions of the 
lens separated by 20 cm. Find the focal length of the lens. 

© SOLUTION Refer to Fig. 16.31. Let L, and L 2 be 
the two positions of the lens for which a sharp image is 
formed on the screen. For a convex lens forming a real 
image, we have 


1 ]_ = 1 

v it f 



where no sign conventions are used. It follows from this 
formula that u and v are interchangeable. 



A 2 


Fig. 16.31 


It follows from the figure that it + x + it = 80 or 2u + 20 = 80 
(v x = 20 cm) which gives u = 30 cm. Hence v = 80 - 30 
= 50 cm. Using these values in (i) we have 

— + — = — => f - 18.75 cm 
50 30 / 


(Q EXAMPLE 20 A screen is placed at a distance of 
60 cm from an object and a convex lens is held between 
them. What is the maximum possible focal length of the 
lens which can form a sharp image of the object on the 
screen. 


SOLUTION Since the image is formed on the 
screen, it must be real. For a convex lens forming a real 
image we have 


\_ \_ = J_ 
v u f 


If.r is the distance between the object and the screen, then 
for a given value of v , the value of a = x - v. Using these 
values in the above formula 


I __L_ = I 

V X- V f 


x-v + v _ J_ 
v(x - V) f 

=> v 2 - xv + xf= 0 
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Thus, the eyepiece should be at a distance of 4.17 cm to the 
right of A'B'. Hence the separation between the objective 
and the eyepiece should be 

OE = OB' +B'E = v + \ «' | = 7.5 + 4.17 = 11.67 cm 

Thus we find that the microscope will give a magnifying 
power of 30 if it is set up as follows: the distance between 
the objective and the eyepiece should be 11.67 cm and the 
object should be placed at a distance of 1.5 cm in front of 
the objective. 

0 EXAMPLE 29 A refracting (astronomical) 
telescope, when in normal adjustment, has a magnifying 
power of 6 and the objective and the eyepiece are 14 cm 
apart. Find the focal lengths of the lenses of the telescope. 

Q SOLUTION In normal adjustment, the object and 
the final image arc both at infinity. The separation between 
the two lenses is (f Q +f c ). Therefore 

,/o+/e = 14 


Also 


y =6or/ 0 = 6/ e 

J C 


(0 

(i>) 


Using (ii) in (i) we get f c = 2 cm and f 0 = 12 cm. 

0 EXAMPLE 30 A telescope has an objective of 
focal length 120 cm and an eyepiece of focal length 5.0 
cm. Find the magnifying power of the telescope when it 
is used to view distant objects when (a) the telescope is in 
normal adjustment, and (b) the final image is formed at the 
least distance of distinct vision (25 cm). 

0 SOLUTION f 0 = 120 cm and/ c = 5.0 cm. 

(a) In normal adjustment, the magnifying power is 

120 


M= ^ = 

/e 5.0 


= 24 


(b) When the object is at infinity (distant object) and the 
final image formed at D = 25 cm, the magnifying 
power is 

w f D +fc 120 25 + 5.0 „ 00 

M= x -^ = - x - = 28.8 

f D 5.0 25 

J e 

16. Dispersion of Light 


Refraction of light occurs because the velocity of light 
changes as it travels from one medium into another. The 
velocity of light in a given medium depends upon its 
wavelength (or frequency). Light of a single wavelength or 
frequency is called monochromatic. White light (sunlight) 
is not monochromatic, it consists of many wavelengths 
ranging from violet (~ 300 nm) to red (~ 700 nm). 

When white light (or any composite light) enters a 
refracting medium, the different constituent colours arc 
refracted unequally. The red is refracted the least and the 
violet the most. From Snell’s law 


sin / 

P = -— 

sin r 

it follows that the refractive index for red is less than for 
violet, i.e., the speed of red light is greater than that of violet 
light. Thus, a medium does not have one definite refractive 
index; it has a range of refractive indices corresponding to 
the range of colours or wavelengths of the composite light. 
Since each colour has its own characteristic wavelength 
(or frequency), the refractive index of a medium will be 
different for different wavelengths (or frequencies). The 
variation of refractive index of a medium (and hence of 
the velocity of light in the medium) with the wavelength or 
frequency is referred to as dispersion. The prism disperses 
the colours of white light and produces its spectrum. 

Angular Dispersion and Dispersive Power 

If S v and S R are the deviations of violet and red lights 
produced by a prism of refracting angle A , the angular 
dispersion 0 is given by 

9 = 8 y - S R 

Now Sy = (fly - 1 )A and S R = (p R - 1 )A, where p v and 
p R are the refractive indices of the material of the prism 
for violet and red lights respectively. Hence 

e = (/u y -n R )A 

Mean deviation S= (p - 1 )A, where p = — (Py + Pr)- 

The dispersive power of a prism is its ability to deviate 
the different colours of a composite light along different 
directions and is defined as 

(I)= o = (lUy-H R )A = H v -y R 

5 (ju-l )A fi -1 

Dispersion without Deviation and Deviation without 
Dispersion 

If two prisms are arranged as shown in Fig. 16.37, then net 
angular dispersion 

A 9 = 9-9' 

= (Pv ~ PrW + (P v ~ P id A 
Net deviation A S = S- 8 '= (p - \)A + (p ' - 1 )A' 

(a) For dispersion without deviation 

A<5=0 => (p- \)A +(p'~ \)A' = 0 

(b) For deviation without dispersion 

A0=O => (Py-p R )A+(p'y-p' R )A' = 0 
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61. A hollow double concave lens is made of a very thin 
transparent material. It can be filled with air or either 
of two liquids L ] or L 2 having relractivc indices 
/?, and /7 2 respectively ( n 2 > H\ > 1). The lens will 
diverge a parallel beam of light if it is filled with 

(a) air and placed in air 

(b) air and immersed in L, 

(c) I, and immersed in L 2 

(d) L 2 and immersed in L x 

62. A diverging beam of light from a point source S 
having divergence angle a ; falls symmetrically on 
a glass slab as shown in Fig. 16.51. The angles of 
incidence for the two extreme rays are equal. If the 
thickness of the slab is t and refractive index is /?, 
then the divergence angle of the emergent beam is 


(a) zero 


(b) a 


(c) sin 


f V 
v n 


(d) 2 sin 1 



(a) sin 


-l 


n 


-cos 


» 2 ' 

sin — 


L”2 




n 


l J J 


(b) sin 




/?i cos 


. -1 o 

sin 

n 2 


(c) sin 


( n x ^ 
\ f h J 


(d) sin 


-l 


\ "i , 


64. A ray of light passes through four transparent media 
with refractive indices fJ 2 , and u 4 as shown in 
Fig. 16.53. The surfaces of all media are parallel. If 
the emergent ray CD is parallel to the incident ray 
AB , we must have 

(a) p x = p 2 (b) p 2 = 

(c)Hi = V4 (d) Hi = 


t 
V 

Fig. 16.51 

63. A rectangular glass slab ABCD of refractive index n x 
is immersed in water of refractive index n 2 (n { > n 2 ). 
A ray of light is incident at the face AB of the slab 
as shown in Fig. 16.52. The maximum value of the 
angle of incidence a max , such that the ray comes out 
only from the other side CD is given by 


Water 




65. A given ray of light suffers minimum deviation in 
an equilateral prism P. Additional prisms Q and R 
of identical shape and of the same material as P arc 
now added as shown in Fig. 16.54. The ray will now 
suffer 



Fig. 16.54 

(a) greater deviation 

(b) no deviation 

(c) same deviation as before 

(d) total internal reflection 

66. An observer can see through a pin-hole the top end 
of a thin rod of height h, placed as shown in Fig. 
16.55. The beaker height is 3 h and its radius /?. When 
the beaker is filled with a liquid upto a height 2 h, he 
can see the lower end of the rod. Then the refractive 
index of the liquid is 


(a) 5/2 (b) 7(5/2) 

(c) 7(372) (d) 3/2 
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A 



83. A point object is placed at the centre of a glass sphere 
of diameter 12 cm and refractive index 1.5. What is 
the distance of the virtual image from the surface of 
the sphere? 

(a) 4 cm (b) 6 cm 

(c) 9 cm (d) 12 cm 

84. A beaker contains water (p = 4/3) filled to a height 
of 32 cm. A concave mirror is fixed 6 cm above the 
surface of water as shown in Fig. 16.61. An object is 
placed at the bottom of the beaker and its image is 
formed 14 cm below the surface of water. The focal 
length of the mirror is 

(a) 8 cm (b) 12 cm 

(c) 16 cm (d) 20 cm 



A 


32 cm 



Fig. 16.61 

85. A convex lens and a concave lens are placed in 
contact. The ratio of the magnitude of the power of 
the convex lens to that of the concave lens is 4 : 3. If 
the focal length of the convex lens is 12 cm, the focal 
length of the combination will be 

(a) 16 cm (b) 24 cm 

(c) 32 cm (d) 48 cm 

86. A right-angled prism is to be made by selecting a 
proper material and angles A and B (B <A), as shown 
in Fig. 16.62. It is desired that a ray of light incident 
on face AB emerges parallel to the incident direction 


after two internal reflections. What should be the 
minimum refractive index n for this to be possible? 


B 



Fig. 16.62 


(a) "min = “ 


1 


(b) "min = - 


sin A 
1 


(c) "rnin = 


sin B 
sin A 
sin B 


(d) n min = y/sinAxsinB 

87. A plano-convex lens has thickness 4 cm. When 
placed on a horizontal table with the curved face 
in contact with it, the apparent depth of the bottom¬ 
most point of the lens is found to be 3 cm. If the 
lens is inverted such that the plane face is in contact 
with the table, the apparent depth of the centre of 

25 

the plane face of the lens is found to be — cm. The 

8 

focal length of the lens is 

(a) 25 cm (b) 50 cm 

(c) 75 cm (d) 100 cm 

88. Figure 16.63 shows a lens having radii of curvature 

/?! and R 2 and < p 2 < By If the thickness of the 

lens is negligible and R\ = R 2 = R, the focal length of 
the lens will be 


(a) /= 

ViR 

(b )/= 


(c )/= 

V\R 

(d )/= 

(V3-V2) 


(Vi~V\) 


(Vi~V\) 



Fig. 16.63 


89. A parallel sides slab ABCD of refractive index 
2 is sandwiched between two slabs of refractive 
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indices yfl and \/3 as shown in the Fig. 16.64. 
The minimum value of angle 0 such that the ray PQ 
suffers total internal reflection at both the surfaces 
AB and CD is 

(a) 30° (b) 45° 



Fig. 16.64 


90. A ray of light is incident at an angle of 45 c on a 
square slab of a transparent material. What should be 
the refractive index of the material of the slab so that 
total internal reflection occurs at the vertical face AB 
(see Fig. 16.65)? 


(a) V2 


(c) 1.5 



plane surface of the lens is silvered as shown in Fig. 
16.66. The image is formed at a distance of 

(a) 60 cm to the right of the lens 

(b) 30 cm to the left of the lens 

(c) 24 cm to the right of the lens 

(d) 12 cm to the left of the lens 



Silvered 


93. Image of the sun is formed by a biconvex lens of 
focal length/ The image is a circular patch of radius 
r and is formed on the focal plane of the lens. Choose 
the correct statement from the following. 

(a) The area of the image is nr 2 and it is directly 
proportional to/ 

(b) The area of the image is nr and it is directly 

• % /'i 

proportional to f . 

(c) The intensity of the image will increase if/is 
increased. 

(d) If the lower half of the lens is covered with 
black paper, the area of the image will become 
half. 



91. Parallel rays from a distant object fall on a solid 
transparent sphere of radius R and refractive index 
p. The distance of the image from the sphere is 



*( 2-/0 

2(p-\) 



*P 

(P~ 1) 



R 

(P- 1) 


(d) R(p-\) 


92. An object O is placed at a distance of 20 cm from 
a thin plano-convex lens of focal length 15 cm. The 


•y~% 

Answers 

% 1 jo 

V' 


1. (b) 

2. (c) 

5. (b) 

6. (c) 

9. (a) 

10. (c) 

13. (c) 

14. (b) 

17. (a) 

18. (c) 

21. (b) 

22. (b) 

25. (b) 

26. (b) 

29. (d) 

30. (a) 

33. (b) 

34. (c) 

37. (c) 

38. (d) 

41. (c) 

42. (c) 

45. (a) 

46. (c) 

49. (b) 

50. (c) 

53. (a) 

54. (c) 

57. (a) 

58. (b) 


3. (d) 

4. (a) 

7. (d) 

8. (b) 

11. (c) 

12. (a) 

15. (d) 

16. (c) 

19. (c) 

20. (d) 

23. (a) 

24. (c) 

27. (c) 

28. (a) 

31. (d) 

32. (c) 

35. (d) 

36. (a) 

39. (d) 

40. (d) 

43. (d) 

44. (a) 

47. (a) 

48. (d) 

51. (c) 

52. (a) 

55. (b) 

56. (a) 

59. (a) 

60. (a) 
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In the second case we have 
1 _ 2 1 

— = — + — (n) 

10 /, f m 

where f m is the focal length of the curved silvered 

p 

surface. Hence f m = — where R is the radius of 

curvature of the curved surface. 

Subtracting (i) from (ii) we get 


f m 10 28 

or cm. Therefore 

• m ^ 

* ~ , 280 
R=2 fm = -Z- Cm 

From (i) we have/, = 28x2 = 5 6 cm. Now 
— = (A/ - 1) - 

/. R 

or // - 1 = — = - = 0.55 

/ 9 x 56 

or p = 1.55 

26. The value of the effective focal length F is given by 


F ~ 7 + 


1 1 

— + — 


A fm A 

2_ J___2_ _2_ 

A + fm~ 20 + 22 


1/71 110 

or F = - cm 

21 

Since the convex lens with a silvered surface behaves 
as a concave mirror of effective focal length F, we 
have 

F = - —- cm and u = - 10 cm 
21 

Substituting these values in the mirror formula 

\_ \__ 1 
v u F 

t 1 21 1 

we have — =-+ — or v = - 11 cm. 

v 110 10 

The negative sign shows that the image is in front of 
the effective mirror and hence is real. 

27. — = (yu - 1) T = (1.5 _ 1) _L = J_ 

/, R 12 24 


28. When a face of the lens is silvered, it behaves as a 
concave mirror of effective focal length F given by 

J_ _ _2_ ]__ 2 _ 

^ fl 24 n 

or F = — = — = 12 cm 

2 2 

This means that the parallel rays will converge at a 
distance of 12 cm from the silvered surface. 

29. Refer to Fig. 16.74. 


4 a B 


D - 



Fig. 16.71 

The incident ray OA is refracted along BD by the 
lens. Since the image coincides with the object, the 
refracted ray BD must retrace its path after reflection 
from the mirror, i.e., it falls normally on the mirror. 
Let C be the point on the axis where BD produced 
meets the axis. It is clear that C is the centre of 
curvature of the mirror. Also C is the image of the 
object O formed by the lens alone. Thus 

/ = + 10 cm and u = - 12 cm 

The distance v of the image is obtained from the lens 
formula 

I I = J_ 

v u f 

which gives v = - 60 cm 


Since 


x = 10 cm, R = v-x = 60- 10 = 50 cm. 


Hence the focal length of the mirror = — = 25 cm. 

30. For an achromatic combination 

J_ = _ <*>_ 

/' 0 / 

J_ = _ (O^ \_ 

7 f 

where — = — . Therefore, 
to' 3 


or f = 24 cm, which is choice (c). 
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to that face. Hence p 2 > H • Hence the correct choice 
is (c). 

43. Refer to Fig. 16.72. It is clear that the greatest distance 
is AB. Now, since PR = RD = L , from triangles PRT 
and PBD we have 



and 


Fig. 16.72 

BD = 2RT = 2RS = 2 x - = d 

2 


OD = — . Therefore, OB = OD + BD 
2 

d 3d 

= — + tl = - 

2 2 


AB=2QB=2x 


3 cl 


= 34 


which is choice (d). 


Dividing (i) by (ii), we have 

A = f* - 15 -3 

h B - ’ '-5-1 


f 30 

or U = — = — =10 cm, which is choice (a). 
3 3 


sin 


46. Refractive index p = 




. A 
sin 

2 


. Now A = 60 


and p = V3 . Therefore 


a = 


or sin 


or 


/ 30° + S,n 




2 

8 



( 8 

sin 

30° + ,w 


v 2 ) 


sin 30° 

= s/3 

sin 30° = - 


V3 

2 


30° + = 60° which gives 8 m = 60° 


Hence the correct choice is (c). 

47. For a small-angled prism and for a small angle of 
incidence, the deviation is given by 

S = Qi g - 1 )A (i) 

The refractive index of the prism, when it is dipped 
in water is 


44. When the plane surface of a planoconvex lens is 
silvered, it behaves like a concave mirror of focal 
length/given by 


or 


1 _ 2Qi-l) 

/ R 


20*-1) 2(1.5-1) 


Hence the correct choice is (a). 


45. When the plane surface is silvered the focal length/ 
is given by 


1 = 2 ^-!) 

A R 



But when the convex surface is silvered, the focal 
length/ is given by 


J_ = 2m 
fl R 



, 1.5 9 

/u = - — - 


B 


W 


4/3 8 


8' = (p' - 1 )A 
From (i) and (ii) we have 


(ii) 


8 ' = 


V- 


B e -1 




8 = 


_ v 


/9 -i 

8 , ...o 


(1.5-1) 


x 4° = 1 


Hence the correct choice is (a). 

48. Real thickness = p x apparent thickness 

= 1.5 x (5 + 2) = 10.5 cm 
Hence the correct choice is (d). 


sin 




49. p = 


. ( A\ 
sin 

V 2 y 


. Given p = cot 


f a \ 


V z J 


. Thus 
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Number of reflections required to cover a distance 
of 2 73 m is 


n = 


2\fi m 

0.2/73 m 


= 30 


Hence the correct choice is (b). 

69. Refer to the Fig. 16.80. AB is the image of size 1.6 
cm formed by the convex lens at its focal plane. It 
serves as the virtual object for the concave lens. A'B' 
is the final image. 

For concave lens,/= - 20 cm, u = + 4 cm; v = ?. Now 



I_I-1 

v u f 


P = 


sin ^ 04 + 5jj 


sin^(/l) 


sin 


/ 60° + 30° ^ 

s 2 ) 


sin 


( — ) 

< 2 > 


sin45^ = ^ 
sin 30° 


The critical angle i c is given by 

sin /' = — 1= , which give = 45°. Hence the correct 

72 

choice is (b). 

72. Mean angular deviations produced by crown and 
flint glass prisms respectively are 

d = (p- \)A andrf' = 0u'- 1 )A' 

Their dispersive powers are 


co = 


(Vy-Vr) 

(^-1) 


and co' = 


iV'y-V'r) 

(A/'-O 


1 1 1 

or -=- 

v 4 20 

which gives v = 5 cm. Thus the final image at a 
distance of 5 cm from the concave lens. Now 

A'B' = v 

AB u 

A'B' 5 cm 

or - = - 

1.6 cm 4 cm 


Their angular dispersions respectively are 

D = (B v - AO A and D' = (p' v - p' r ) A' 

When the prisms are combined, the dispersion by the 
combination will be zero if 

D + D' = 0 

or (Hv-fiJA +(jl’ v -n' r ) A' = 0 
or 

(^-1) (A* -1) 


or A'B' = 2.0 cm. Hence the correct choice is (c). 

70. For refraction at glass-water interface, we have from 
Snell’s law 

P g sin / =p (D sin r (i) 

For refraction at water-air interface, we have 

Pco sin r = /J a sin 90° = = 1 (ii) 

Using (ii) in (i), we get 

p sin i = 1 or p = —, which is choice (b). 
* sin / 

71. The refractive index of the prism with respect to the 
liquid in which it is immersed is given by 


or cod + co'd'= 0, which is choice (c). 

73. The refracted ray QR will retrace its path if it falls 
normally on the silvered face AC. It follows from 
Fig. 16.81 that 


A 
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Also 


r = 


/ = 


B = 


A = 30° (given) 

45° (given). Hence 
sin / sin 45° 


sin r sin 30° 
which is choice (b). 

74. Given p = %/3 and S m = A. Now 

/ A + A 


= U 


sin 


fA + 5 m \ 


sin 




sin /I 



(A\ 

■ 


(A\ 

sin | 

— 

sin 

sin 

— 


K2) 

UJ 


K2J 


„ . (A) 


(A\ 

2 sin 

cos 

- 

UJ 


U ) 


sin 


2 v 


o i A ' 
= 2 cos 


.\ 2 cos 


fA > 

= p = >/3 or cos 


,2) 


UJ 


V3 

2 


or - =30° or A = 60° 

2 

Hence the correct choice is (c). 

75. Using f= + 20 cm and u = -280 cm in —+ — = —, 

v u f 

56 ..11 1 

we get v = + — cm. Diilerentiating — + — = —, we 
3 v u f 


have 


1 dv 1 du „ 

-r- — = 0 or 


dv v 2 du 


v 2 dt u 2 dt 


dt 


u 


dt 


V 


Speed of image = — x (speed of object). Substituting 


u 


du 


the values of w, v and —, we find that the correct 

dt 

choice is (b). 

76. The concave mirror formula is 


I 1 - 1 

v u f 


(1) 


Since, for a given concave mirror, focal length/is 
fixed, we partially differentiate Eq. (1) to get 

\ 2 


Sv 8u 


= 0 or 8v = - \ — 

uj 


V U 

Multiplying Eq. (1) by w, we get 

f_ 

f « W - / 


Su (2) 


U , U V 

— +1 = — or — = 

v 


( 3 ) 


Using Eq. (3) in Eq. (2), we get 




The negative sign shows that image is longitudinally 
inverted. The magnitude of the size of the 
image is 


| 8v | = b 


f 


\ 


u-f) 


, which is choice (c). 


77. Referring to Fig. 16.82, the source S cannot be seen 
at all from above when the water level attains a 
critical maximum height x so that rays such as SA 
and SB suffer internal relection. The critical angle 
/ is given by 


sin / = — = —f= , which gives / = 45°. 
p v2 



r r r 

— = tan /.. or x = - = - = r. 

x tan i c tan 45° 


Hence the correct choice is (a). 

78. Refer to Fig. 16.83. 

Ray OA is incident at an angle a at the planar face of 
the cylindrical rod. Let 6 be the angle of refraction. 
From Snell’s law, we have 


sin a . ^ sin a 

n = —— or sin 6= - 

sin 6 n 
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The ray AB is incident at point B of the curved 
surface of the cylinder at an angle (90° - 0). This 
ray is travelling in a denser medium of refractive 
index n and is incident at the cylinder-air interface 
at point B. The ray will not emerge from the curved 
surface if it suffers total internal reflection at B. For 
this to happen (90° - 6) > i c , the critical angle or 

sin (90° - 6) > sin i c or cos 6 > sin i c 
or (1 - sin 2 9) V2 > sin i c 

or 1 - sin 2 6 > sin 2 i c (2) 

The critical angle is given by 

sin/ c =— (3) 

n 

Using Eqs. (I) and (3) in Eq. (2) we get 


sin 2 a 1 2 . 2 ^ ! 

1-r— > —T- or n - sin a > 1 

n~ n~ 


or n 2 >(1 + sin 2 a) 

Since the maximum value of sin 2 a - + 1, it follows 
that 


11111 3 

— =-=-or v - — cm 

v f u -10 -25 50 


♦ • • 'y 

Area of the object wire is 3.0 x 3.0 = 9.0 cm“. The 
area magnification is given by 


area of image 2 

- = (linear magnification) 

area of object 


v 


u 


50 


3x25 


4 

9 


Therefore, the area enclosed by image is 

4 7 ? 

— x 9 cm" = 4 cm", 

9 

which is choisc (b). 

81. At minimum deviation, the incident ray PQ and 
emergent ray RS arc symmetrical with respect to the 
refracting faces AB and AC of the prism, i.e. angle of 
incident /, = angle of emergence i 2 (see Fig. 16.85). 
Therefore, r x = r 2 = r. Also 

. * i * A 

r, + r 2 - A, which gives r j = r 2 = — . 




or 


> V2 


min 


This is the minimum value of refractive index of the 
cylindrical rod for the ray AB to suffer total internal 
reflection at point B. By symmetry, ray BC will be 
totally reflected along CD suffering another total 
internal reflection at D and so on until the ray finally 
emergs from the opposite planar face of the rod. 

79. Given / = 60°, 5 = 30° and A = 30°. Using 8=i + e — 
A , we get e = 0. i.e. the emergent ray is perpendicular 
to face AC of the prism (see Fig. 16.84). 



Fig. 16.84 

Now r, = i-S= 60° - 30° = 30°. Hence 

_ sin / _ sin 60° 
sin/] sin 30° 

Hence the correct choice is (c). 

80. // = - 25 cm and /= - 10 cm. The distance of the 
image is given by 


A 



Fig. 16.85 

In triangle ABC , A + fJ+fi= 180° 

A+2p= 180° 

- = 90° - [i 
2 

— = r. = 90° - a 
2 

Hence a = /J, which is choice (a). 

82. The refractive index of glass is inversely proportional 
to the square of the wavelength of light, i.e. 


Now the wavelength of violet light is the least 
and that of the red light is the highest. Hence the 
refractive index of the prism is the highest for violet 
light and the least for red light. Therefore, violet light 


or 

or 

But 
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86. Referring to Fig. 16.89, the path of the ray is PORS 
suffering internal reflections at Q and R. It is clear 
from the figure that angles a and fi should be greater 
than the critical angle given by 


sin i c = — 


\_ 

n 



B 


Fig. 16.89 

Also angle A = a and angle B = [i. Since A > B; 

/3< a, the minimum value of n is given by — < sin p 

n 

1 I 


^min 


sin p sin B 

So the correct choice is (b). 
87. Refer to Fig. 16.90. 



(a) 


(b) 


Fig. 16.90 


When the curved face of the lens is in contact with 
the table, the virtual image of the bottom-most point 
O of the lens is formed at /, due to refraction at the 
plane surface as shown in Fig. 16.90 (a). 

Real depth = 4 cm and apparent depth = 3 cm. Hence 

4 

M = I 

When the plane face of the lens is in contact with the 
table, the image of the centre O of the plane face of 
the lens is formed at I 2 due to refraction at the curved 
face as shown in Fig. 16.90 (b). For refraction at this 
face, we have 

B\_ _ Pi_ = B\~Bi 
v u R 


where p x = 1, jti 2 = LE u = OP = - 4 cm, and v = OI 2 = 
25 

-cm. Putting these values, we get 

8 

8 fi \-p 


25 -4 


R 


Putting p = — and solving we get R = 25 cm. Now, 
the focal length of the plano-convex lens is given by 


1 


or 


- = (p- I) - = 

/ R 

f - 75 cm. 


-- 1 
3 




X 25 ” 75 


88. Refer to Fig. 16.91. 

Refraction at the first surface: u = — v = + V and 


R = + R j. We have 




V — oo 


/?1 



V 




Refraction at the second surfaces = v — t—v(v 
negligible), 

v = + v x and R = + R 2 . We have 
^3 Hi _ 1*3 ~ 1*2 


(0 
t is 


Vt 


v 


R- 


(ii) 


Since the incident ray is parallel to the principal 
axis, =/, the focal length of the lens and using 
v x =/ in (i) and (ii), we get 

By Pi-B\ = By ~ Bi 

f r 2 
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For refraction at face II, u 2 = - (V\ - 2 R) = 2 R - v 
Using Eq. (1), wc get 


F= — cm. The silvered lens behaves like a concave 
2 

mirror. Using the spherical mirror formula — + — = 

v u 


—, we have 
F 


■ 

- 


v u = -20 cm and F =-cm 

2 




1 1 _ 2 
v -20 ~~ -15 


which gives v = - 12 cm. The negative sign indicates 
that the image is formed to the left of the lens. Hence 
the correct choice is (d). 


_^ = ^ 2 ) 

(/i-1) (Ai-1) 

The image distance v 2 is given by 

JL + L = Ezl 

u 2 v 2 R 


( 2 ) 


( 3 ) 


Using Eq. (2) in Eq. (3) and simplifying, wc get 

- 2(n-l) 

The correct choice is (a). 

92. The effective focal length of the silvered lens is 
given by 

1 2 1 2 1 2 _ . 

— = — + — = — + — = — , which gives 
F f f m 15-15 


93. Refer to the Fig. 16.95. 



The angular diameter of the sun is 20. From the 
figure it follows that tan 0 = rtf Since 0 is small, tan 
0- 0. where 0 is expressed in radian. Hence, we have 



or r =/0 


Area of image = nr“ = f . Thus area ©c /■% 
which is choice (b). 


2 

SECTION 


Multiple Choice Questions Based on Passage 


Questions 1 to 5 are based on the following passage. 

Passage I 

A microscope is a device which is used to view tiny objects. 
A compound microscope consists of two converging lenses 
called the objective and the eyepiece. The liny object to 
be examined is placed just beyond the first focus of the 
objective. The position of the eyepiece is adjusted till the 
image due to the objective is within the first focus of the 


eyepiece. The highly enlarged final image is seen by the eye 
which is held close to the eyepiece. 

1. In a compound microscope, the intermediate image 
(i.e. image of the object due to the objective) is 

(a) real, inverted and magnified 

(b) real, inverted and diminished 

(c) virtual, erect and magnified 

(d) virtual, erect and diminished 
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2. In a compound microscope, the final image is 

(a) real, inverted and magnified 

(b) real, erect and magnified 

(c) virtual, erect and magnified 

(d) virtual, inverted and magnified 

3. The magnifying power of a compound microscope is 
high if 

(a) both the objective and the eyepiece have short 
focal lengths. 

(b) both the objective and the eyepiece have long 
focal lengths. 

(c) the objective has a short focal length and the 
eyepiece has a long focal length 

(d) the objective has a long focal length and the 
eyepiece has a short focal length. 

4. The resolving power of a compound microscope is 
increased if 

(a) light of a shorter wavelength is used to illuminate 
the object 

(b) the objective of a bigger diameter is used 

(c) the objective of a higher focal length is used 

(d) the eyepiece of a shorter focal length is used. 

5. If the aperture of the objective of a microscope is 
increased, 

(a) its resolving power will increase 

(b) its magnifying power will decrease 

(c) the intensity of the final image will increase 

(d) the intensity of the final image will decrease. 

Solutions 


1. The correct choice is (a). 

2. The correct choice is (d). 

3. The correct choice is (a). The magnifying power is 
given by 

L D 

M=7T (for D»fJ 

Jo J e 

where L = distance between the objective and the 
eyepiece, D = least distance of distinct vision, /’, = 
focal length of the objective and f e = focal length of 
the eyepiece. 

4. The resolving power of a microscope is given by (see 
Fig. 16.96) 

2//sin# 


where 29 = angle of the cone of light rays entering the 
objective, A = wavelength of light used to illuminate 



the object and n = refractive of the medium between 
the object and the objective. The value of 9 increases 
if the objective of a bigger diameter AB is used. The 
resolving power does not depend on f G or /,. Hence 
the correct choices are (a) and (b). 



5. If the aperture of the objective is increased, the value 
of 9 increases. Therefore, the light gathering capacity 
of the objective increases. As a result, the intensity 
of the image increases. Hence the correct choices are 

(a) and (c). 

Questions 6 to 10 are based on the following passage. 

Passage II 

A telescope is an optical instrument that is used to 
examine distant objects. Two types of telescopes arc in 
use—refracting and reflecting telescopes. A refracting 
astronomical telescope consists of two converging lenses 
called the objective and the eyepiece. The objective faces 
the distant object. The image of the object is formed at the 
focal plane of the objective. The position of the eyepiece 
is adjusted till this image is within the first focus of the 
eyepiece. A highly magnified final image is formed which 
is seen by the eye held close to the eyepiece. If both the 
object and the final image are at infinity, the telescope is 
said to be in normal adjustment. 

6. In a refracting astronomical telescope, the 
intermediate image is 

(a) real, inverted and magnified 

(b) real, inverted and diminished 

(c) virtual, erect and magnified 

(d) virtual, inverted and diminished 

7. In a refracting astronomical telescope, the final 
image is 

(a) real, inverted and magnified 

(b) real, erect and magnified 

(c) virtual, erect and magnified 

(d) virtual, inverted and magnified 
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15. 


Therefore, angle of incidence /' = 180° -6 = 180° 
120° = 60°. From Snell’s law, 
sin /' Pi_ 

sin r Ah 


or sin r = 


Hi . V2 . , 

— sin /' = —j= sin 60° 

Vi v3 



16. 


which gives r = 45°. so the correct choice is (b). 
Since the refracted ray lies in the same plane as the 
incident wave (which is the x-y plane), the refracted 
ray will be given by the vector 

A A ^ 

A,.= ai + />j + ck 


with a = 6\/3 and b = 8>/3 , the same as in the incident 
vector A. Thus 


A r = (>E>\ + 8>/3 j + ck 


This the correct choice is (a). 


Questions 17 to 19 are based on the following passage. 

Passage V 

The radius of curvature of the curved face of a thin plano¬ 
convex lens is 10 cm and it is made of glass of refractive 
index 1.5. A small object is approaching the lens with a 
speed of 1 cm s~' moving along the principal axis. 

17. The focal length of the lens is 

(a) 5 cm (b) 10 cm 

(c) 15 cm (d) 20 cm 

18. When the object is at a distance of 30 cm from the 
lens, the magnitude of the speed of its image is 

(a) 1 cm s~' (b) 2 cm s~' 

(c) 3 cm s _l (d) 4 cm s" 1 

19. When the object is at a distance of 30 cm from the 
lens, the magnitude of the rate of change of the lateral 
magnification is 

(a) 0.1 per second (b) 0.2 per second 

(c) 0.3 per second (d) 0.4 per second 


Solutions 

1 1 1 

17. — = (li - 1) x — =(1.5— 1) x — gives f= 20 cm. 

f R 10 

The correct choice is (d). 

18. Lens formula is (here u — - 30 cm and/= + 20 cm) 


I_I _ _L 

v u f 

1 1 ' 1 

or-— = — which gives v = 60 cm 

v -30 20 



Differentiating (1) with respect to time t, we get 
1 dv 1 du 


v 


^ + -^ =0 


2 dt 


or 


dv 

~dt 


u 

r v i\ 


V u 1 ) 


du 

dt 


or Speed of image 

\2 


60 

30 


x 1 = 4 cm s 


( 2 \ 


V« J 

-1 


x speed of object 


which is choice (d). 

19. Linear magnification is given by 
v 


m = 


u 


( 2 ) 


Differentiating (2) with respect to time /, we have 

dm V du 1 dv 1 ( du dv\ 

— = —- — +-= — -v — + u — 

dt u 2 dt u dt u V dt dt J 

= ~^2 (-60 x 1-30 x 4) 

= - 0.2 per second 

, dm 

.*. Magnitude of — = 0.2 per second. 

dt 

So the correct choice is (b). 


13 | 

SECTION 


Assertion-Reason Type Questions 


In the following questions, Statement-1 (Assertion) is 
followed by Statement-2 (Reason). Each question has the 
following four choices out of which only one choice is 
correct. 


(a) Statement-1 is True, Statement-2 is True; Statement-2 
is a correct explanation for Statement 1. 

(b) Statement-1 is True, Statement-2 is True; Statement-2 
is NOT a correct explanation for Statement-1. 
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(c) Statement-1 is True, Statement-2 is False. 

(d) Statement-1 is False, Statement-2 is True. 

1. Statement-1 

When a concave mirror is held under water, its focal 
length will increase. 

Statement-2 

The focal length of a concave mirror is independent 
of the medium in which it is placed. 

2. Statement-1 

When a convex lens is held under water, its focal 
length increases. 

Statement-2 

The focal length of a lens depends on the medium in 
which it is placed. 

3. Statement-1 

A convex lens is made of glass of refractive index 
1.45 and its two faces have the same radius of 
curvature equal to R. The focal length of the lens is 
more than R. 

Statement-2 

The above statement is false because the focal length 
of a lens is half the radius of curvature. 

4. Statement-1 

A parallel beam of light falls on a convex lens. The 
path of the rays is shown in Fig. 16.96. It follows 
that 



Fig. 16.100 

Statement-2 

When a ray of light travels from a rarer into a denser 
medium, it bends towards the normal and vice versa. 

5. Statement-1 


i 

i 

Air (// a = 1) 



Solutions 



1. The correct choice is (d). The focal length of 
a concave mirror depends only on its radius of 
curvature. 


2. The correct choice is (a). The focal length of a lens 
depends not only on the radii of curvature of its faces 
but also on the refractive index of its glass and the 
refractive index of the medium in which it is placed. 
The focal length/of a convex lens of refractive index 
p 2 and radii of curvature R } and R 2 when placed in a 
medium of refractive index /v, is given by 


]_ 

1 


'fhzJL i 


\ 


v*i 


+ 


J 

R 




2 J 


It is easy to see that/will be more if p ] is different 
from unity (P\ = 1 for air). 


3. 


The correct choice is (c). The focal length/is given 
by 


7 


Ui- 1 ) 


i i 

—+ 


V *1 


R 


2 ) 


= (1.45 - 1) x — 
R 


which gives/= 


—, i.e. / is greater than R. 
0.9 


4. The correct choice is (a). Since the rays do not bend 
at the first surface, p } = p. When this ray meets the 
second face of the lens, it bends towards the normal 
to this face. Hence p 2 > A y - 


A ray of light is incident at the glass-water interface 
at an angle /'. It emerges finally parallel to the surface 
of water as shown in Fig. 16.101. Then 



sin i 


Statement-2 


The refracted ray follows a path in accordance with 
Snell’s law of refraction. 


5. The correct choice is (d). For refraction at glass- 
water interface, we have from Snell’s law 

sin / = p a) sinr (i) 

For refraction at water-air interface, we have 

p (0 sin r = p a sin 90° = p a = 1 (ii) 

Using (ii) in (i), we get 

p sin i = 1 or p = — 

5 * sin i 
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4 Previous Years' Questions from AIEEE, IIT-JEE, 
JEE (Main) and JEE (Advanced) 

SECTION ( w ith Complete Solutions) 


1. If two mirrors arc inclined at an angle of 60°, the 
number of images formed by them is 

(a) 5 (b) 6 

(c) 7 (d) 8 |20021 

2. Which of the following is used in optical fibres? 

(a) Total internal reflection (b) Scattering 

(c) Diffraction (d) Refraction |2002| 

3. The image formed by the objective of a compound 
microscope is 

(a) virtual and diminished (b) real and diminished 
(c) real and enlarged (d) virtual and enlarged. 

12003] 

4. To get three images of a single object, the angle 
between the two plane mirrors should be 

(a) 60° (b) 90° 

(c) 120° (d) 30° |2003| 

5. A ray of light is incident normal to one face of a 90° 
prism and is totally reflected at the air-glass interface 
as shown in the figure. If the angle of reflection is 
45°, we conclude that the refractive index n of the 
material of the prism is 



(c) greater than —(d) less than \f2 |2004] 

v2 

6. A plano-convex lens of refractive index 1.5 and 
radius of curvature 30 cm is silvered at the curved 
face. This lens is used to form the image of an object. 
At what distance from the lens, should an object be 
placed in order to obtain a real image equal to the 
size of the object? 


(a) 20 cm (b) 30 cm 

(c) 60 cm (d) 80 cm |2004| 

7. A fish looking up through the water sees the outside 
world, contained in a circular horizon. If the refractive 
index of water is 4/3 and the fish is 12 cm below the 
water surface, the radius of this circle in cm is 

(a) 36 \fl (b) 

yJl 

(c) 36 V5 (d) 4>/5 |2005| 

8. A thin glass lens (p = 1.5) has optical power of - 5D 
in air. Its optical power in a liquid of refractive index 
1.6 will be 


(a) ID (b) - 1 D 

(c) 25 D (d) - 25D [2005] 

9. The refractive index of glass is 1.520 for red light 
and 1.525 for blue light. Let D, and D 2 be angles of 
minimum deviation for red and blue light respectively 
in a prism of this glass. Then, 

(a) D j can be less than or greater than D 2 depending 
upon the angle of prism 

(b) D, > D 2 

(c) D, < D 2 

(d )D ] =D 2 [2006| 

10. Two lenses of power - 15D and +5D are in contact 
with each other. The focal length of the combination 
is 


(a) - 20 cm (b) - 10 cm 

(c) + 20 cm (d) + 10cm [2007] 

11. A student measures the focal length of a convex lens 
by putting an object pin at a distance ‘w’ from the 
lens and measuring the distance 4 v ’ of the image pin. 
The graph between V and ‘if plotted by the student 
should look like 




(b) 
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v (cm) 


v (cm) 




(c) 


(d) 


|2008) 

12. A transparent solid cylindrical rod has a refractive 
2 

index of . It is surrounded by air. A light ray is 

incident at the mid-point of one end of the rod as 
shown in the Figure. The incident angle 6 for which 
the light ray grazes along the wall of the rod is: 


15 . 



(c) sin 


-l 


f l 
<2 


(d) sin 


-i 




(C) (2 f If) 


(d) 


13. In an optics experiment, with the position of the 
object fixed, a student varies the position of a convex 
lens and for each position, the screen is adjusted to 
get a clear image of the object. A graph between 
the object distance u and the image distance v from 
the lens, is plotted using the same scale for the two 
axes. A straight line passing through the origin and 
making an angle of 45° with the x-axis meets the 
experimental curve at P. The coordinates of P will 
be: 

(a) (f,J) (b) (4 f 4 f) 

' f f\ 

LL [2009] 

.2 2 J 

14. Let the x - z plane be the boundary between two 
transparent media. Medium 1 in z > 0 has a refractive 
index of and medium 2 with z <0 has a refractive 

index of >/3 . A ray of light in medium 1 given by 
the vector A = 6>/3i + 8^3j + 10k is incident on 
the plane of separation. The angle of refraction in 
medium 2 is 

(a) 45° (b) 60° 

(c) 75° (d) 30° |2011) 

A car is fitted with a convex side-view mirror of focal 
length 20 cm. A second car 2.8m behind the first car 
is overtaking the first car at relative speed of 15m/s. 


The speed of the image of the second car as seen in 
the mirror of the first one is: 


(a) — m/s 
15 

(c) 15 m/s 


(b) 10 m/s 

(d) — m/s 
10 


[ 2011 ) 


16. An object 2.4 m in front of a lens forms a sharp 
image on a film 12 cm behind the lens. A glass plate 
1 cm thick, of refractive index 1.50 is interposed 
between lens and film with its plane faces parallel to 

film. At what distance (from lens) should object be 
placed to get a sharp image on film? 

(a) 7.2m (b) 2.4m 

(c) 3.2 m (d) 5.6m [2012] 

17. A bi-convex lens is formed with two thin plano¬ 
convex lenses as shown in the figure. Refractive 
index n of the first lens is 1.5 and that of the second 
lens is 1.2. Both the curved surface arc of the same 
radius of curvature R = 14 cm. For this bi-convex 
lens, for an object distance of 40 cm, the image 
distance will be 



R = 14 cm 

(a) -280.0 cm (b) 40.0 cm 

(c) 21.5 cm (d) 13.3 cm [2012] 

1 8. The graph between angle of deviation (8) and angle 
of incidence (/) for a triangular prism is represented 
by : 


S 

A 




(a) 


(b) 



S 

A 


(c) 


O i - 

(d) 


[2013| 
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19. Diameter of plano-convex lens is 6 cm and thickness 

at the centre is 3 mm. If speed of light in material of 
lens is 2 x 10 m/s, the focal length of the lens is : 
(a) 20 cm (b) 30 cm 

(c) 10 cm (d) 14 cm [2013] 

20. A ray of light travelling in the direction — (/ + >6;•) 

is incident on a plane mirror. After reflection, it 

• • 1 a [~ * 

travels along the direction —(/ - v3 j) . The angle of 
incidence is: ^ 

(a) 30° (b) 45° 

(c) 60° (d) 75° |20I3] 

21. A point source S is placed at the bottom of a 
transparent block of height 10 mm and refractive 
index 2.72. It is immersed in a lower refractive index 
liquid as shown in the figure. It is found that the 
light emerging from the block to the liquid forms a 
circular bright spot of diameter 11.54 mm on the top 
of the block. The refractive index of the liquid is 



Liquid 


Block 


(a) 1.21 
(c) 1.36 

85 21 

Answers 


1. (a) 

2. (a) 

3. (c) 

4. (b) 

5. (b) 

6. (a) 

7. (b) 

8. (a) 

9- (c) 

10. (b) 

11. (d) 

12. (b) 

13. (c) 

14. (a) 

15. (a) 

16. (d) 

17. (b) 

18. (b) 

19. (b) 

20. (a) 


21. (c) 

Solutions 


(b) 1.30 

(d) 1.42 [2014] 


1. Number of images is 

360° 


360° 

1 = —— - 1 =6- 1 =5 
60° 


2. The correct choice is (1). 

3. The correct choice is (3). 


4. 


360° , 

n =-1 

e 

3 _ 360 ^ _ i 

e 

360° 

e= —— =90° 


5. Since the angle of reflection is 45°, the angle of 
incidence / = 45°. The critical angle must be greater 
than 45°, i.e. 


But n = 


sin 


i c > 45' 

1 


sin i c 

.(T 

V n J 


i c = sin 1 


n 

n 


>45‘ 


- > sin 45° 
n 


1 


1 


=> — > —j= or n > V 2 
n V2 


6. The focal length F of the silvered lens is given by 


1111 

— = — 1 - 1 — 

F f f I 


2 1 
= — + 


/ fm 

where f= focal length of the lens before silvering and 
f = focal length of the concave mirror. 


1 


( 


Now ~ = (p - 1) 


kRi R-l J 


(without sign conventions) 

Here o and R 2 = 30 cm. Therefore 


7 


= (1.5-1) 


R- 


r y j_) 

^ co 30 / 


1 

= — => /= 60 cm 
60 


Also fn = = 15 cm 


1 

~F 


+ 


1 


60 15 


— = — => F = 10 cm 
60 10 


v 


Magnification m = — = 1 (given). Therefore 

u 


v = - u. From the lens formula 


F v u u u u 

1 2 

=> — =- =^> u = - 20 cm 

10 u 

Hence the object must be placed at a distance 20 cm 
to the left of the lens. 
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The graph of v against u is as follows. 



Since the u and v scales are the same, u = v at point 
P. Putting u = v in Eq. (1) gives u = 2f Also v = 2/ 
Hence the correct choice is (3). 

14. Magnitude of A is 

A = V(6V3) 2 +(8V3) 2 +(10) 2 = 20 

The angle of incidence in medium 1 is given by 

A ~ 20 ~ 2 


cos z = 


/ = 60° 


From Snell’s law, the angle of refraction in medium 
2 is given by 

zz, sin i = u 2 sin r 

sin / 72 x sin 60° 


sin r = 


Hi 


72 x 73/2 


73 


1 

72 


r— 45° 


1 1 1 

15. - + -= ~ 
v u J 


/= + 20 cm and it = -280 cm 

1 1 280 

v = -cm 


Given 

]_ __ 

v -280 20 15 

for a convex mirror the formula is 

!_I 1 

v u f 

Differentiating we get 
civ 1 dit 1 


+ 


dt it dt u 


Given 


dv 

~dt 

du 




KuJ 


= 0 


du 

~dt 


dt 


1 5ms . Therefore 


16. 


dv 

dt 

_ 1 _ 

f 


( 280/15 


^ 1 


V 280 ) 

1 1 20 + 1 


x 15 = — ms 1 
15 




/= 


12 240 

240 


240 


21 


m 


Shift 


Now 


II 1--^ 
3 


1 

- cm 
3 


... 1 35 

i? = 12 — = —cm 
3 3 


21 

3 

1 

240 

35 

u 

1 

3 

21 

u 

35 

240 ~ 

5 

'144 

-1471 

u 

48x7 


1 ( 3 


2p 

48 


|z/| = 560 cm = 5.6 m 


1 fl.5-1 

1? * f ~ [ 1 


1 

Ji 


n.2-n 

7 1 J 


M _ V 

\ 14 °o y 

f 1 1 


1 

= — cm 
28 


-i 


-l 


_L _i_ j_ _ j_ j_ 
F " ^ + X"28 + 70 

1 1 1 

Now -= — 

v u F 


1 

. = — cm 
V°o -14 >/ 70 

1 1 

F= 20 cm 


1 1 


1 


v = 40 cm 


v -40 20 

1 8. The correct graph is (b). 

19. Refractive index of the material of the lens is 




c _ 3x10' 
v ~~ 2x10* 


= 1.5 
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d 

Given AD= — =r= 3 cm 

2 

OD = 3 mm = 0.3 cm 
OC = AC = R 


In AACD 


R 2 = r 2 + (R -1) 2 
R 2 = r 2 + R 2 -2Rl + t : 


r 2 - 2Rl 


1- 


t 


2 R 


= 0 


r -2Rt = 0 


(v t «R) 


R = rj_ = jtf_ 

2 1 2 x 0.3 


7 = < "-‘) 


= 15 cm 
0.3 

' 1 1 


v*i 


R 


( 


= 0.5-1) 

=> /= 30 cm 

20. Given a = —(i + >/3 j) 


1 


2 

1 ^ 


15 


oo 


' 



Magnitude of b is b = —(1 -3) 1 2 = 1 


If G is the angle between a and b then 


cos 6 = 


a.b 


ab 


lxl 


2 


G = 120 ° 

180°180°-l 20° 


/ = 


= 30° 


21. tan / = — = 


r 5.77 


10 


= 73 


Also 


i c = 30° 


sin / c = 


/*/ 


Mb 

Mi = Mb sin *c 

= 2.72 x sin 30°= 1.36 


Mi 
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WAVE OPTICS 


Chapter 



REVIEW OF BASIC CONCEPTS 



1. Wave Nature of Light 

Light is an electromagnetic wave which does not require 
a material medium for propagation. The electric and 
magnetic fields vary in space and time resulting in the 
propagation of an electromagnetic wave even in free space. 

The electric field varies in space and time as 

E = A sin (cot - kx) 

which represents a wave travelling along the + x direction. 
A = amplitude, co = 2nv (co is angular frequency in rad s 1 

and v is frequency in Hz) and k= —; A = wavelength. Also 

A 

q co 
v = vA = — 
k 

where v is the wave velocity. 

Phase 

fhe phase 0 of a wave at a point x and at time t is given 
by the argument of the harmonic function (sine or cosine) 
representing the wave, i.c. 

0 = cot - kx 


Phase Difference 

Suppose two waves meeting at a point P are represented by 

—A ] sin (C 0 j/ - Ajjc,) 

and E 2 = A 2 sin ( co 2 t - k 2 x 2 ) 

where x x and x 2 are paths of the waves up to point P where 
they meet. The phase difference between them is 

M = 0i - 02 

= (co, - ( 0 2 )t - (k x x { - k 2 x 2 ) 


A(p = (0, - 0 2 ) 


= 2n(y x - v 2 )t -2n 





1. If the two waves have different frequencies, i.e., 
Vj * v 2 then A, * A 2 and A0 depends on time t. 

2. If v, = v 2 , then A, = A 2 . In this case 



2k 

T 


(*2~*l) 


or Phase difference = — x (path difference) 

A 

i.e., the phase difference is independent of time and 
depends only on the path difference (jc 2 -x,). This holds 
only if the two sources of wave arc ‘coherent’, i.c., they 
have a constant fixed phase relationship. 

Intensity The intensity of a wave at any point in its path 
is proportional to the square of its amplitude at that point. 


2. Reflection and Refraction of Light 

When a light wave falls on a reflecting surface, it is reflected 
obeying the usual laws of reflection. When a wave travels 
from one medium into another, its velocity and wavelength 
undergo a change and the wave is said to suffer refraction. 
The frequency of the wave does not undergo any change in 
refraction (and reflection). If i?, is the velocity of the wave 
in the medium in which the incident wave propagates and 
v 2 is the velocity of the wave in the medium in which the 
refracted wave propagates, then 1 u 2 , the reflective index of 
the second medium with respect to the first, is defined as 
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where A, and A 2 are the wavelengths of the same wave 
in the two media. The frequency of the refracted wave 
remains the same as that of the incident wave. 

When a wave, travelling in a rarer medium, is reflected 
at the boundary of a denser medium, the reflected wave 
suffers a phase change of 1 80° (or n radians) in relation 
to that of the incident wave. No phase change occurs if a 
wave, travelling in a denser medium, is reflected at the 
boundary of a rarer medium. The refracted wave, in both 
cases, does not undergo any phase change. 

3. Interference of Light 

When two or more light waves travelling in the same 
direction meet (or superpose) at a point in a medium, 
the electric field of the resultant wave can be obtained 
by using the principle of superposition which states that 
the resultant electric field is given by the algebraic sum 
of the individual electric fields, at that point, due to the 
individual waves, i. e., 

E = £j + E 2 + ••• 

resulting in a change in amplitude (and hence in intensity) 
at that point. The phenomenon in which the intensity of 
light at a point is modified by the superposition of two or 
more waves is known as interference. 

If two waves of intensities /, and / 2 , differing in phase 
by 0, superpose, the resultant intensity is given by 

/ = /, + / 2 + 2 yjff cos 0 

Constructive Interference The resultant intensity / is 
maximum if cos 0 = + 1, i.e. 

0=2 nn\ 

where n = 0, 1,2, 3, ... etc. is an integer 
2kA 

or - — 2 nK 

A 

or A = nX 

where A is the path difference between the interfering 
waves. Then 

Anax =/ l +/ 2 + 2 VVT 

The interference is said to be constructive. If the two 
interfering waves have equal intensities h~h~ A)> then 

Ana x = 4 /q 


Destructive Interference The resultant intensity I is 
minimum if cos 0 = - 1, i.e. 


and 


0 = (2 n - 1) n 



n= 1, 2, 3, 


etc. 


Then 

Anin = A + A - 2/,/ 2 

= (n/a-VT ) 2 

At maxima, the waves reinforce each other and at 
minima they cancel out each other. These maxima and 
minima constitute the bright and dark fringes. 

4. Coherent Light Sources 

The resultant intensity of light at a point on the screen 
depends on the phase difference (0) between the two 
interfering waves. This phase difference depends upon 
two factors—(1) the initial phase difference between 
the waves emitted by the two sources and (2) the phase 
difference resulting from the path difference for that point. 
The initial phase difference depends upon the time and 
remains constant only for about 10 1 to 10 second. 
Thus the resultant intensity changes so rapidly with time 
that, due to persistence of vision, we are unable to see the 
interference pattern. Thus, non-coherent sources cannot 
produce sustained interference effects. We conclude 
that, for a steady interference pattern, the following two 
conditions must be satisfied. 

1. The sources must be coherent. 

2. The wavelengths of the interfering waves must be 
the same. Thus, only monochromatic coherent light 
sources produce observable interference pattern. 

5. Young's Double Slit Experiment 

Monochromatic light from a source slit S illuminates two 
slits 5, and S 2 which arc very close together and equidistant 
from S (Fig. 17.1). 



Secondary waves from 5, and S 2 interfere giving rise to 
bright and dark fringes on the screen. There is bright fringe 
at centre P 0 of the screen. 

(i) The distance of the nth bright fringe from the centre 
of the fringe system is 

nXD 

y„ = —— ; w = 0 , 1,2,... etc. 
d 
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Fig. 17.4 

Path difference in the absence of sheet is 

A, = S 2 P-S X P 

Path difference when the sheet is introduced is 
A 2 = ^2 p ~ [Si A + P( AB ) + Bp ] 

= S 2 P - [S ] A + BP + AB - AB + p(AB)] 
= S 2 P-[S { P + (p- \ ) A B] 

= S 2 P-S X P-(p- 1)/ 

.*. Change in optical path is 

A= A { -A 2 = (p-\)t 

If the optical path changes by one wavelength, one fringe 
will shift. Therefore, the number of fringes shifted due to 
introduction of sheet is 


(n - 1 )t _ (1.5 -1) x (2.0 x 10~ 5 m) 
A (500 x 10 -9 in) 


= 20 


EXAMPLE 8 Monochromatic light of wavelength 
640 nm falls normally on a glass plate of refractive index 
1.6. The waves reflected from the upper and lower faces of 
the film will interfere constructively if the least thickness 
of the plate is 

(a) 100 nm (b) 200 nm 

(c) 300 nm (d) 400 nm 


O SOLUTION When light falls on a surface, it 
is partly reflected and partly refracted. Thus light from 
source S is reflected as wave I at A of the top surface of 
the plate, refracted into the plate and reflected as wave 2 
at B of the bottom surface. On reaching A , the wave 2 has 
traversed an optical path length = pi + pt = 2 pt (Fig. 17.5). 


S • Source 


p= 1.6 


Fig. 17.5 

Furthermore, on reflection from the denser medium, a 
wave suffers a phase change of n which implies a path 
change of A/2. Hence on reaching A waves 1 and 2 will 
have a path change of 

„ A 
A = 2 pt-- 

For constructive interference, A = rtX. Hence 

2 pt -= n A 

2 


r i \ 

2 a"= ( n+ 2 r 


n+ 2 r 


The minimum value of t corresponds to n = 0. Hence 

A 640 nm _ 


t = — =- — — 100 nm 

mm 4 p 4x1.6 


0 EXAMPLE 9 In Example 9 above the waves 
reflected from the upper and lower surfaces of the plate 
will interfere destructively if the least thickness of the 
plate is 

(a) 100 nm (b) 200 nm 

(c) 300 nm (d) 400 nm 

Q SOLUTION For destructive interference, 


A = {”+2) 

ipt+~ =r #i+ a 

2 V 2) 

2 pt = n A 
n A 


The least integral value of n is 1. Hence 

A 640 nm 


*min 


2 p 2x1.6 


= 200 nm 
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(c) is a transverse wave 

(d) is a longitudinal wave. 

26. A parallel beam of light of wavelength 6000 A is 
incident normally on a slit of width 0.2 mm. The 
diffraction pattern is observed on a screen which is 
placed at the focal plane of a convex lens of focal 
length 50 cm. If the lens is placed close to the slit, 
the distance between the minima on both sides of the 
central maximum will be 

(a) 1 mm (b) 2 mm 

(c) 3 mm (d) 4 mm 

27. In Young’s double slit experiment the distance d 
between the slits S ] and S 2 is 1.0 mm. What should 
the width of each slit be so as to obtain 10 maxima 
of the two slit interference pattern within the central 
maximum of the single slit diffraction pattern? 

(a) 0.1 mm (b) 0.2 mm 

(c) 0.3 mm (d) 0.4 mm 

28. In a single slit diffraction experiment, the width 
of the slit is made double its original width. Then 
the central maximum of the diffraction pattern will 
become. 

(a) narrower and fainter 

(b) narrower and brighter 

(c) broader and fainter 

(d) broader and brighter. 

29. The dispersion of light in a medium implies that 

(a) lights of different wavelengths travel with 
different speeds in the medium 

(b) lights of different frequencies travel with 
different speeds in the medium 

(c) the refractive index of the medium is different for 
different wavelengths of light 

(d) all of the above. 

30. Monochromatic light is refracted from air into glass 
of refractive index u. The ratio of the wavelengths of 
the incident and refracted waves is 

(a) 1:1 (b) 1 : n 

(C) yu : 1 (d) yU 2 : 1 

31. Light travels with a speed of 2 x 10 ms in crown 
glass of refractive index 1.5. What is the speed of 
light in dense flint glass of refractive index 1.8? 

(a) 1.33 x l() 8 ms _1 (b) 1.67 x 10 8 ms -1 

(c) 2.0 x 10 8 ms -1 (d) 3.0 x 10 s ms -1 

32. In a vacuum, light travels at a speed of 3 x 10 8 ms . 
What is the speed of light in glass of refractive index 
= 1.5? 

(a) 1.5 x 10 8 ms 1 (b)2xl0 8 ms”‘ 

(c) 3 x 10 8 ms" 1 (d) 4.5 x 10 8 ms” 1 


33. When a ray of light goes from a denser into a rarer 
medium 

(a) the wavelength of light is decreased 

(b) the frequency of light is increased 

(c) the speed of light is increased 

(d) the light undergoes a phase change of n. 

34. Which one of the following statements is correct? 
The refractive index of a given piece of glass is 

(a) less for violet than for red light 

(b) more for blue than for green light 

(c) less for green than for yellow light 

(d) the same for all colours of light. 

35. Choose the only WRONG statement. The speed of 
light in a given glass plate is 

(a) greater for violet than for red light 

(b) less for green than for yellow light 

(c) less for blue than for green light 

(d) the same for all colours of light. 

36. A glass slab of thickness 8 cm contains the same 
number of waves as 10 cm of water when both are 
traversed by the same monochromatic light. If the 
refractive index of water is 4/3, the refractive index 
of glass is 

(a) 5/3 (b) 5/4 

(c) 16/15 (d) 3/2 

37. The wavelength of sodium light is 589 nm in air. 
What will the wavelength of sodium light if it travels 
in glass of refractive index 1.5? 


(a) 589 nm 


(b) 589 x 1.5 nm 



589 

- nm 

1.5 


(d) none of these 


38. In Young's double slit experiment, the intensity of 
the maxima is /. If the width of each slit is doubled 
the intensity of the maxima will be 


(a) J - (b) / 

(c) 21 (d) 4 / 


39. In Young’s double slit experiment, the 10th maximum 
of wavelength A, is at a distance^, from its central 
maximum and the 5th maximum of wavelength X 2 is 
at a distance y 2 from its central maximum. The ratio 
y\fy 2 will be 


(a) 

2 A, 

a 2 

(b) 

(c) 

A, 

2 A 2 

(d) 


2 A 2 

a/ 

A 

2 A, 
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40. White light is used to illuminate the two slits in 
Young’s double slit experiment. The separation 
between the slits is d and the distance between the 
screen and the slit is D (» d). At a point on the 
screen directly in front of one of the slits, certain 
wavelengths are missing. The missing wavelengths 
are (here m = 0, 1,2, ... is an integer) 


(a) A = 


d 2 

(2m + \)D 


(b) a- i 2m ll)A 2 


(c) A = 


d 2 

(m + \)D 


(d) A = 


(m +1 )d 2 
D 


41. In Young’s double slit experiment using two identical 
slits, the intensity of the maximum at the centre of the 
screen is /. What will be the intensity at the centre of 
the screen if one of the slits is closed? 


(a) 7 




(d) none of these 


42. A ray of light is incident on glass at the polarising 
angle / p . The angle between the reflected and 
refracted rays will be 

(a) between 0° and 90° (b) 90° 

(c) between 90° and 180 c (d) 2 z p 

43. When a ray of light is incident on a glass slab at an 
angle of 60°, the angle between the reflected and 
refracted rays is 90°. The refractive index of glass is 


(a) 1.5 (b) 72 

(c) 71 (d) 2.0 

44. A double slit apparatus is immersed in a liquid 
of refractive index 1.33. It has slit separation of 
1 mm and distance between the plane of slits and 
screen 1.33 m. The slits are illuminated by a parallel 
beam of light whose wavelength in air is 6300 A. 
What is the fringe width? 


0.63 

(a) (1.33 x 0.63) mm (b) - mm 

1.33 

0 63 

(c) — : —- mm (d) 0.63 mm 

(1.33) 2 

45. In a Young’s double slit experiment, 12 fringes are 
observed to be formed in a certain region of the 
screen when light of wavelength 600 nm is used. If 
the light of wavelength 400 nm is used, the number 
of fringes observed in the same region of the screen 


will be 

(a) 12 (b) 18 

(c) 24 (d) 8 

46. In a two slit experiment with monochromatic light, 
fringes are obtained on a screen placed at some 
distance from the slits. If the screen is moved by a 
distance of 5 x 10 2 m towards the slits, the change 
in the fringe width is 3 x 10 s m. If the separation 
between the slits is 10 3 m, the wavelength of light 
used is 

(a) 5 x 10~ 7 m (b) 6x 10 ^ 

(c) 7x 10 -7 m (d) 6x 10' 6 

47. White light is used to illuminate the two slits in 
Young’s double slit experiment. The distance 
between the slits is b and the screen is at a distance d 
(» b) from the slits. At a point on the screen directly 
in front of one of the slits, certain wavelengths are 
missing. Some of the missing wavelengths are 


m 


m 


(a) A = 


2d 


(b) A = 


2Jr 

~d 


(c) A = 


3 d 


(d) A = 


2b 
3 d 


48. Two waves of intensities 7 and 47 superpose, then the 
maximum and minimum intensities are 


(a) 57, 37 (b) 97, 7 

(c) 97, 37 (d) 57, 7 


49. A beam of light of wavelength 600 nm from a distant 
source falls on a single slit 1.0 mm wide and the 
resulting diffraction pattern is observed on a screen 
2 m away. The distance between the first dark fringes 
on either side of the central bright fringe is 

(a) 1.2 cm (b) 1.2 mm 

(c) 2.4 cm (d) 2.4 mm 


50. A parallel beam of monochromatic light is incident 
normally on a narrow slit. A diffraction pattern is 
formed on a screen placed perpendicular to the 
direction of the incident beam. At the first minimum 
of the diffraction pattern, the phase difference 
between the rays coming from the two edges of the 
slit is 


51. 


(a) zero 

(c) K 


(d) 2k 


A string of length 0.4 m and mass 10 2 kg is rigidly 
clamped at its ends. The tension in the string is 1.6 N. 
Identical wave pulses are produced at one end at 
equal intervals of time At. The minimum value of 


Copyrighted material 



17.12 Complete Physics—JEE Main 


At which allows constructive interference between 
successive pulses is 

(a) 0.05 s (b) 0.10 s 

(c) 0.20 s (d) 0.40 s 

52. Yellow light is used in a single slit diffraction 
experiment with a slit of width 0.6 mm. If yellow 
light is replaced by X-rays, then the observed pattern 
will reveal 

(a) that the central maximum is narrower 

(b) more number of fringes 

(c) less number of fringes 

(d) no diffraction pattern 

53. In a double slit experiment, instead of taking slits of 
equal widths, one slit is made twice as wide as the 
other, then, in the interference pattern 

(a) the intensities of both maxima and minima in¬ 
crease 

(b) the intensity of the maxima increases and the 
minima have zero intensity 

(c) the intensity of the maxima decreases and that of 
the minima increases 

(d) the intensity of the maxima decreases and the 
minima have zero intensity. 

54. In the ideal double-slit experiment, when a glass-plate 
(refractive index 1.5) of thickness t is introduced in 
the path of one of the interfering beams (wavelength 
A), the intensity at the position where the central 
maximum occurred previously remains unchanged. 
The minimum thickness of the glass-plate is 

(a) 2A 
(c) A/3 

55. In Fig. 17.6, PO repre¬ 
sents a plane wavefront 
and AO and BP the corre¬ 
sponding extreme rays of 
monochromatic light of 
wavelength A. The value 
of angle 6 for which the 
ray BP and the reflected 
ray OP interfere con¬ 
structively is given by 

A 

(a) cos 0= — 

2d 

A 

(c) sec 0 = — 

3 d 

56. In Young's double slit interference experiment 
the wavelength of light used is 6000 A. If the path 


(b) 2A/3 
(d) A 

O R 



(d) sec 0= — 


difference between waves reaching a point P on the 
screen is 1.5 microns, then at that point P\ 

(a) Second bright band occurs 

(b) Second dark band occurs 

(c) Third dark band occurs 

(d) Third bright band occurs 

57. The difference in the number of wavelengths, w'hen 
yellow' light (of wavelength 6000 A in vacuum) 
propagates through air and vacuum columns of the 
same thickness is one. If the refractive index of air 
is 1.0003, the thickness of the air column is 

(a) 1.8 mm (b) 2 mm 

(c) 2 cm (d) 2.2 cm 

58. In Young's double slit experiment, the fringe width 
is 2.0 mm, The separation between the 9th bright 
fringe and the second dark fringe from the centre of 
the fringe system will be 

(a) 5.0 mm (b) 10 mm 

(c) 15 mm (d) 20 mm 

59. When one of the slits in Young’s experiment is 
covered with a transparent sheet of thickness 
3.6 x 10 ' cm the central fringe shifts to a position 
originally occupied by the 30th bright fringe. If A = 
6000 A, the refractive index of the sheet is 

(a) 1.50 (b) 1.55 

(c) 1.60 (d) 1.65 

60. A beam of light, consisting of two wavelengths 6500 
A and 5200 A is used to obtain interference fringes 
in Young's double slit experiment. The separation 
between the slits is 2.6 mm and the distance between 
the plane of the slits and the screen is 1.0 m. The least 
distance from the central maximum where the bright 
fringes due to both the wavelengths coincide is 

(a) 1.0 mm (b) 1.5 mm 

(c) 2.0 mm (d) 2.5 mm 

61. Two coherent light sources of intensity ratio n are 
employed in an interference experiment. The ratio 
of the intensities of the maxima and minima in the 
interference pattern is 



f —1 

\n -1 / 


(b) 


f 77 + 1 
V/7 — 1 



62. Two coherent light sources are employed in an 
interference experiment. The ratio of the intensities 
of the maxima and minima in the interference pattern 
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is n. The ratio of the intensities of the two coherent 
sources is 

/ r.,\ 2 


(a) 


(C) 


yfn + 1 
yfn — 1 


V + i x 

/7 2 — 1 


(b) 


(d) 


/ n + P 


n- 1 
f n + \' 


n — 1 


63. The two slits in Young's interference experiment have 
widths in the ratio n: 1. The ratio of the intensities of 
the maxima and minima in the interference pattern 


yff 


IS 

yfn + 1 

(b) 

(a) 

( yfn + 1 

(c) 

1, 

(d) 


yfn ~ 1 
n + 1 


f w±l\ 2 


\ n ) 


64. Interference pattern is obtained with two coherent 

light sources of intensity ratio n. In the interference 

, . /„ - 1^. 
pattern, the ratio 


max 


min 


will be 


* max + ^min 


(a) 


(c) 




(»+i) 

yfn 

(yff+\) 


(b) 


(d) 


lyjfl 
(/7 + 1) 

2\fn 
[yfn 4-1) 


65. In Young’s double slit experiment, the angular width 
of a fringe formed on a distant screen is 0.1°. If the 
wavelength of light used is 628 nm, the spacing 
between the slits is 

(a) 0.9 x 10 4 m (b) 1.8 x \(V A m 

(c) 3.6 x 10" 4 m (d) 7.2 x 10^m 

66. Interference pattern is obtained with two coherent 
light sources of intensities / and 47. The intensity at 
a point where the phase difference is nf2 is 

(a) / (b) 21 

(c) 3/ (d) 51 

67. Young's double slit expetiment is performed using 
light of wavelength A. One of the slits is covered 
by a thin glass sheet of refractive index p at this 
wavelength. The smallest thickness of the sheet to 
bring the adjacent minimum to the centre of the 
screen is 


(a) 


(c) 


A 


2(p-\) 

A 


(b) 


A 


(/i-D 


2p 


(d) - 
A* 


68. Monochromatic light of wavelength 500 nm is 
incident on two parallel slits separated by a distance 

A 

of 5 x 10 m. The interference pattern is obtained 
on a screen at a distance of 1.0 m from the slits. The 
intensity of the central maximum is 7 0 . When one 
of the slits is covered by a glass sheet of thickness 
1.5 x 10 6 m and refractive index 1.5, the intensity at 
the centre of the screen will be equal to 


(a) 'i 

(c) 'i 

4 


< b >f 

(d) zero 


69. In Q. 68 above, the lateral shift of the central 
maximum is 

(a) 5 mm (b) 4 mm 

(c) 3 mm (d) 2 mm 

70. In an interference experiment, 20th order maximum 
is observed at a point on the screen when light of 
wavelength 480 nm is used. If this light is replaced 
by light of wavelength 600 nm, the order of the 
maximum at the same point will be 

(a) 16 (b) 14 

(c) 12 (d) 10 

71. A beam of light consisting of two wavelengths 
4500 A and 7500 A is used to obtain interference 
fringes in Young's double slit experiment. The 
distance between the slits is 1 mm and the distance 
between the plane of the slits and the screen is 120 cm. 
What is the minimum distance between two 
successive regions of complete darkness on the 
screen? 


(a) 4.5 mm (b) 5.4 mm 

(c) 2.7 mm (d) 1.2 mm 

72. In Young’s double slit experiment, the intensity at a 
point P on the screen is half the maximum intensity 
in the interference pattern. If the wavelength of light 
used is A and d is the distance between the slits, the 
angular separation between point P and the centre of 
the screen is 


(a) sin 


-l 


(c) sin 


-i 


( A A 

(b) sin 1 

f A 1 

- 

\d ) 

Kid) 


(d) sin -1 

I'M 

Uc/J 

K*d) 


73. A parallel beam of fast moving electrons is incident 
normally on a narrow slit. A screen is placed at a large 
distance from the slit. If the speed of the electrons 
is increased, which of the following statements is 
correct? 
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(a) Diffraction pattern is not observed on the screen 
in the case of electrons 

(b) The angular width of the central maximum of the 
diffraction pattern will increase 

(c) The angular width of the central maximum will 
decrease 

(d) The angular width of the central maximum will 
remain the same. 

74. In Young’s double slit experiment using 
monochromatic light, the fringe pattern shifts by a 
certain distance on the screen when a transparent sheet 
of thickness t and refractive index p is introduced in 
the path of one of the interfering waves. The sheet 
is then removed and the distance between the screen 
and the slits is doubled. It is found that the distance 
between successive maxima (or minima) now is the 
same as the observed fringe shift when the sheet was 
introduced. The wavelength of light used is 

(a) A=(ji- 1)/ (b) A = 7 in- 1)/ 

(c)A=0u+l )t (d) A= ^(,u+1)/ 


75. In a double-slit experiment the angular width of a 
fringe is found to be 0.2° on a screen 1 m away. The 
wavelength of light used is 6000 A. What will be the 
angular width of a fringe if the entire experimental 
arrangement is immersed in water? Refractive index 

4 

ol water = — . 

3 

(a) 0.15° (b) 0.18° 

(c) 0.2° (d) 0.27° 

76. Ac ohercn t paral 1 e 1 beam o f micro waves o f wave 1 cn gth 
0.5 mm falls normally on Young’s double slit 
apparatus. The separation between the slits is 1.0 mm 
and the screen is placed at a distance of 1.0 m from 
the slits. The number of minima in the interference 
pattern observed on the screen is 

(a) 3 (b) 4 

(c) 5 (d) much greater than 5. 


77. In Young’s double slit experiment sodium light 
composed of two wavelengths A, and A 2 close to 
each other (with X 2 greater than A,) is used. The 
order n up to which the fringes can be seen on the 
screen is given by 


(a) n = 

a 2 

(b) n = 

A? — A, 

(c) n = 

A-, 

(d) n = 

2(A 2 - A,) 


A, 


2(A 2 - A,) 


78. Monochromatic light of wavelength A emerging from 
slit S illuminates slits S ] and S 2 which are placed with 
respect to S as shown in Fig. 17.7. The distances x 
and D are large compared to the separation d between 
the slits. If x = D! 2, the minimum value of d so that 
there is a dark fringe at the centre P of the screen is 



► 

■>- 

>- 

>- 

> 


S 2 


J 

d 



Screen 


Fig. 17.7 




\ 1 o 

Answers 

V'' 


1. (d) 

2. (b) 

5. (d) 

6. (c) 

9. (d) 

10. (d) 

13. (b) 

14. (b) 

17. (d) 

18. (d) 

21. (d) 

22. (b) 

25. (c) 

26. (c) 

29. (d) 

30. (c) 

33. (c) 

34. (b) 

37. (c) 

38. (c) 

41. (c) 

42. (b) 

45. (b) 

46. (b) 

49. (d) 

50. (d) 

53. (a) 

54. (a) 

57. (b) 

58. (c) 

61. (d) 

62. (a) 

65. (c) 

66. (b) 

69. (a) 

70. (a) 

73. (c) 

74. (b) 

77. (c) 

78. (a) 


3. (c) 

4. (c) 

7. (c) 

8. (d) 

11. (a) 

12. (c) 

15. (c) 

16. (d) 

19. (c) 

20. (d) 

23. (b) 

24. (d) 

27. (b) 

28. (b) 

31. (b) 

32. (b) 

35. (c) 

36. (a) 

39. (a) 

40. (a) 

43. (c) 

44. (c) 

47. (c) 

48. (b) 

51. (b) 

52. (a) 

55. (b) 

56. (c) 

59. (a) 

60. (a) 

63. (c) 

64. (b) 

67. (a) 

68. (d) 

71. (c) 

72. (d) 

75. (a) 

76. (b) 
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or 




^ * * v a 


(c is the speed of light in vacuum). Now the refractive 
index of a medium is n = civ. Hence 


h = K-~ K 


n. 


'I "l 

X a = 6000 A and n l = 4/3. Therefore 
6000 A 


(••’ "a= 1) 


Given 


A/ = 


4/3 


= 4500 A 


Hence the fringe width in liquid will be 

p X, 4.0 mm x 4500 A 

B, = ~ = - 3 -= 3.0 mm 

X (l 6000 A 

15. The position of the nth bright fringe with respect to 
the central fringe is given by 

nXD 
y ” = ~d~ 

For the central bright fringe (n = 0), y 0 = 0. For the 
fourth bright fringe (m = 4), y 4 = 4 XD/d. Therefore 

4 AD 

T4-T0 = —r- 


or A = O 4 -y 0 )-^ (') 

It is given that (y 4 - > ? 0 ) = 1.2 cm = 1.2 x 10 2 m, D = 
1.4 m and d= 0.28 111111 = 0.28 x 10 3 m. Substituting 
these values in (i) and solving, we get 

A = 6 x 10 -7 m (or 600 nm or 6000 A). 

16. and 17. Let jc be the width of the source slit and X 
the distance between the source slit and the plane of 
the two slits. For interference fringes to be distinctly 
visible, the condition xIX < XId should be satisfied. 
If jc is too large (i.e. the source slit is too wide) or if X 
is too small (X\s the distance between the source slit 
and the two slits) the requirement xl X < X Id may be 
violated and fringes will no longer be distinct. The 
reason is that the interference patterns due to various 
parts of the source slit overlap. Consequently, the 
minima will not be totally dark and fringe pattern 
becomes indistinct. However, as long as the fringe 
pattern remains visible, a change in x or X has no 
effect on the fringe width p. 

18. The single slit diffraction effects at the two slits 
becomes important and as a result, the interference 
fringe pattern will be modified. The bright fringes 
will not now be equally bright and equally spaced. 

19. The distance of the mth bright fringe from the central 
fringe is 


y 


n 


nXD 

~d~ 



where [3 - XDId is the fringe width. 





The distance of the mth dark fringe from the central 
fringe is 



From (i) and (ii), we get 

It is given thaty 9 -y\ = 9.0 mm. Hence 



9.0 x 2 
15 


= 1.2 mm = 1.2 x 10 3 m 


Now A = pdID. Substituting for /}, d and D, 
we get 

A = 6 x 10“ 7 m = 6000 A 


/ 49 ^max 

20. Given = — . Therefore 

9 A 



7 

3 


min min 

Thus A ,„ av = 7 units and A min = 3 units. Now A„„ v = 


max 


min 


max 


A j - 1 - A 2 and A min = A x - A 2 . Therefore, /Ij = 5 units 
and A 2 = 2 units. Hence 


1 _ 


J 



25 

4 


Hence the correct choice is (d). 

21. A single slit diffraction pattern is characterised by 
a bright central fringe bordered on both sides with 
fringes of rapidly decreasing intensity. 

22. The intensity falls to zero on both sides of the central 
maximum at an angle 0 given by 

■ « A 
sin 6 = — 

d 


where 6 is the angular separation between the central 
maximum and the minimum on either side of it so 
that 26 is the angular width of the central maximum. 
Now 


6 = sin -1 



20 = 2 sin" 1 


(-] 

<d > 


Hence the correct choice is (b). If A « d , then sin 
6-9, where 6 is in radians. In that case, the width of 
the central maximum is 2 6 = 2 XId. 
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23. The wavelength of blue light is less than that of the 
red light. Hence the angular width of the maxima 
will decrease which means that the fringes become 
narrower and crowded together. 

24. Only transverse waves can be polarized. Radiowaves, 
X-rays and waves on strings are transverse and hence 
they can be polarized. Longitudinal waves such as 
sound waves or waves in springs cannot be polarized. 
Hence the correct choice is (d). 

25. The correct choice is (c). 


26. 


The angular separation of the minima on both sides 
of the central maximum is 20 where 0 is given by 


■ * 
sin 0 = — 
cl 


6000 x IQ -10 
0.2 x 1()~ 2 3 


= 3 x 10 3 


since 6 is small, sin 6- 0. Therefore, 6 = 3 x 10 3 rad. 
If the lens is placed close to the slit then 

x =/tan O-J'O (y 0is small, .*. tan 6=0) 


where x is the distance of the first minimum from the 
central maximum. Therefore, the distance between 
two minima on both sides of the central maximum is 
2x =2/0=2 x 0.5x3 x 10“ 3 

= 3 x 10 3 5 * m = 3 mm. 


27. 


Let the width of each slit be a. The linear separation 
between m bright fringes in the double slit experiment 
is 


nXD 



Since y « D, the angular separation between m 
bright fringes will be 



D 


n X 
~d 


For 10 bright fringes we have 


0 


10 


10A 

d 



Now the angular width of the principal maximum in 
the diffraction pattern due to a slit of width a is 

2 0, = — (ii) 

Cl 


Equating (i) and (ii), we get 
10 A 2X 

d a 

d 1.0 mm 

or a — — = - = 0.2 mm 

5 5 

28. The angular width of the central maximum is 

2 X1 a where a is the width of the slit. If the value 

of // is doubled, the angular width of the central 


maximum decreases to half its earlier value. This 
implies that the central maximum becomes much 
sharper. Furthermore if a is doubled, the intensity 
of the central maximum becomes two times. Thus 
the central maximum becomes much sharper and 
brighter. 

29. The correct choice is (d). 

30. Since the frequency n of the light does not change as 
light travels from air into glass, we have 

v a =n X a and v g = n X g 

Therefore — = — = u 

K v s 

Hence the correct choice is (c). 

31. Refractive index /i = —. Therefore, speed of light in 

71 

crown glass is 

c 

v c = — , where c is the speed of light 

in vacuum, 


or 


c =n c v c = 1.5 x2x 10 8 = 3x 10 s ms" 1 


.*. Speed of light in dense flint glass is 


iy = 


c 


3 x 10 


/V 


32. Speed of light in glass = 


-l 


1.8 

c 

V 


= 1.67 x 10 8 ms -1 


3x10' 

1.5 


= 2 x 10 


ms *. 

33. When a wave goes from a denser into a rarer medium, 
its speed increases. Since frequency /? does not 
change, the wavelength X = vln increases. Therefore 
is no phase change on refraction. Hence the correct 
choice is (c). 

34. The refractive index of glass decreases with increase 
in wavelength. In VIBGYOR, the wavelength of 
violet light is the shortest and that of the red light is 
the longest. Hence the correct choice is (b). 

35. Statement (c) is wrong. 

36. Let A„ (in cm) and X w (in cm) be the wavelengths in 
glass and water. By definition, in a distance X there 
is one wave. Therefore, 

g 

Number of waves in 8 cm of glass = —, and 

K 


Number of waves in 10 cm of water = 
8 10 


10 

K 


Thus 


X 


s 


X 


w 


K = 5 
X 


Now 


s 


an d fl w ~ C 


V 


8 


V 


vv 


Copyrighted material 



Wave Optics 17.19 


48. Given /, = / and I 2 = 47. Now 

Anax = 7 j + / 2 + 2 ^//,/ 2 

= /+ 4/+ 2 J 4 F =9/ 

and / min =/i+/ 2 - 27777=5/-4/ = / 

Hence the correct choice is (b). 

49. The angular separation between the /wth dark fringe 
and the central bright fringe is given by 

a sin = /?A 

For the first dark fringe, w = 1. Therefore 

a sin 0, = A 

or sin 0, = A/a. Since A « a, sin 0, = 0,. Hence 0, 
= A/a. This is also the angular separation between 
the central bright fringe and the first dark fringe on 
the other side of the central bright fringe. Hence, the 
angular separation between the first dark fringes on 
cither side of the central bright fringe = 2Q X = 2 A/a. 
Therefore, their separation at distance d= 2 m is 

2 Xd 2 x (600 x 10 _9 m) x 2 m 

a 1.0xl0 -3 m 

= 2.4 x 10 3 m = 2.4 mm, 

which is choice (d). 

50. It follows from Fig. 17.8 that the path difference at 
the first minimum between rays coming from A and 
B is 

A = BC = a sin 0, 


First 

minimum 



B 


Fig. 17.8 

But sin 0, = A/a. Therefore, A = a x A/a = A. A path 
difference of A corresponds to a phase difference of 
2 k ; which is choice (d). 

51. Mass per unit length of the string is 
m = 10 2 kg./0.4 m = 2.5 x 10 2 kg m '. 

.*. Speed of each pulse is 


Vm \2.5x\0~ 2 

To have a constructive interference, the pulses must 
arrive at the same end of the string in the same phase 
after reflection from the other end. If L is the length 
of the string, the minimum value of At is 

/A , 2 L 2x0.4 Al 

(AOmin = -= —- =0.1 S, 

v 8 

which is choice (b). 

52. The wavelength of X-rays is of the order of 
i A = 10 10 m. Now, the angular width of the central 
maximum is 

0 - 2AD 

% - 

a 

where D is the distance of the screen from the slit. 
Since A for X-rays is very small compared to that for 
yellow light, it follows that the angular width of the 
central maximum becomes extremely small. Hence, 
the central maximum is narrower. Thus the correct 
choice is (a). 

53. In the case when the slits are of equal width, the 
intensity of light emerging from the two slits is the 
same, say, 7 0 . Then 

Anax = A + 4 + ^ VA) A) = 4/ 0 

an d An in = A) + A) “ 2 y]l 0 7 0 = 0 

When one slit say A, is made twice as wide as the 
order, the intensity of light from 5, is doubled, i.e. /, 
= 2/ 0 but U = 7 {) . Hence, in this case 

4ax=/,+/ 2 + 2 yfJTh 

= 2/ 0 + I 0 + 2 - v / 2/ 0 / 0 

= 3/ 0 + 2V2/^ =5.83/ 0 

an d I min = I\ + h ~ 2 VA h 

= 2I 0 + I 0 -2j2lJ~ 0 

= 3/ 0 -2V24 = 0.17/ 0 

Thus 4ax > ^max and Cin > 4in. which is choice ( a )' 

54. When a transparent plate is introduced in the path 
of one of the interfering beams, the entire fringe 
pattern shifts by an amount Ay = (p - 1)/, where fl 
is the refractive index and / is the thickness of the 
plate. Since the path difference must change by A 
for one maximum to be replaced by its neighbouring 
maximum, we have 

Ay = A or (p - 1)/ = A or (1.5 - l)f = A or / = 2 A. 
Hence the correct choice is (a). 
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Hence the shift of the central fringe is 

, n AZ) 

^0= 30 -r 


But y 0 = — (II- 1)/ 
a 

A D D 

••• 30 — = - (n-l)t 
a a 

30 A 30 x (6000 x 10 -10 ) 

or </i-l) =-=--- 7 -- = 0.5 

t (3.6 xlO -5 ) 

p = 1.5 

60. Let the nth bright fringe of wavelength A„ and the 
mth bright fringe of wavelength A /;; coincide at a 
distance y from the certral maximum, then 

mX m D nX n D 


m _ A w _ 6500 _ 5 
0F n ~ X m ~ 5200 ” 4 

The least integral values of m and n which satisfy the 
above condition are 

m = 5 and n = 4 

i.e., the 5th bright fringe of wavelength 5200 A 
coincides with the 4th bright fringe of wavelength 
6500 A. The smallest value of y at which this happens 


Tmin 


ml m D 


Substituting the values of nu A w , D and d, we get v mil 
= 1.0 mm, which is choice (a). 

61. Given — = n. Therefore, the amplitude ratio is 

h 

A \ r 

—- = V/7 


Now / max= Ml +A lf and / min=(^l-^2) 2 


-'max _ ( A \ + A 2)“ _ V A 1 

Anin (A t - A 2 ) 2 ( A x 

y A 2 

(^ + 1 f 

" (V^-i ) 2 

Hence the correct choice is (d). 

v 


(A + A 2 y 

(A,-A 2 ) 2 

(A ] + A?) f- 

or -— = v/7 

(A-a 2 ) 

. A l yJTl + 1 

which gives — = - 7 =— 

A 2 V/7 — 1 

r ( r I \ 2 

/, v n + 1 

• 1 — _ 

/ 2 {yfn-l; 

Hence the correct choice is (a). 

63. The intensity of light emerging from a slit is 
proportional to its width. Since the amplitude is 
proportional to the square-root of the intensity, we 
have 

A, ,IZl=.IE=v; 


62. Given 


= /7. Hence 


As shown in solution of Q. 61, the correct choice is (c). 

64. The correct choice is (b). Refer to the solution of Q. 61. 

65. Angular width of a fringe is given by 

0 = — or d= — (1) 

d e 

Given A = 628 nm = 628 x 10 9 m and 6 = 0.1° = 
0 1 X K 

— - rad. Using these values in Eq. (1), we find 

180 

that d= 3.6 x 10 1 m. Hence the correct choice is (c). 

66. The correct choice is (d). Use 

/=/, + /? + 2 yjl x 1 2 cos 0 

where 7, = /, / 2 = 4/ and 0 = —. 

67. If t is the thickness of the glass sheet, the fringes are 
displaced by an amount given by 

Ay = (a* - 1 ) -y- 
a 

In order to bring the adjacent minimum to the centre 
of the screen (i.e. to bring the first dark fringe the 
central bright fringe), the fringes must be displaced 
by half the fringe width, i.e. 

P 1 AD 

Ay= — =- 

2 2 d 

o , n tD 1 AD 

Hence (u - 1) — =- 

d 2 d 


t = -, which is choice (a). 

2(//-l) 
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68. When a transparent plate of thickness t and refractive 

index p is introduced in one of the interfering waves, 

the path difference at the centre of the screen is 

tD 

A = (Ai - 1) — 


/. Phase difference 0 = 


2/rA 


A 

In 


(ju-l) 


tD 


(1) 


Given A = 5000 A = 5 x 10 ' m, /i = 1.5, / = 
1.5 x 10 6 m, D = 1 m and d= 5 x 10 4 m. Using these 
values in Eq. (1). we get 0= 3 n. If / is the intensity 
of each interfering wave, the resultant intensity at the 
centre of the screen is 

I r = / + / + 2 VTxT cos 3 n 

= 21-21=0 (v cos 3n= - 1) 

Hence the intensity at the centre is zero, i.e. there is 
a dark fringe at the centre. 

Hence the correct choice is (d). 

69. The correct choice is (a). The lateral shift is given by 

A y =(n~\) ‘-E 

cl 

70. The position of the /7th order maximum is given by 

nlD 

/ n= — 

For a given point y n is fixed. Since D and d are 
also fixed, nX = constant, i.e. n l A, = n 2 A 2 . Hence 

A, 20x480 . . . . . . , . 

n 7 = n } — = - = 16, which is choice (a). 

1 A 2 600 

71. Let the nth dark fringe of wavelength X n and the mth 
dark fringe of wavelength X m coincide at a distance 

y from the centre of the screen, then 

✓ 7 


y = 


f i ) 

n - 

v 


2 ) 


A n D 


m - 

v 2) 


A m D 


( 1 ) 


At this position there is complete darkness on the 
screen. Eq. (1) gives 
1 


n - 

_ 2 _ = 

1 

m - 

2 


X m _ 7500A 


45 00 A 


5 

3 


which gives m = 


bn + 2 3/7 + 1 


( 2 ) 


10 5 

Integral values of n and m which satisfy Eq. (2) are 
n = 3, m = 2; n = 8, m = 5; and so on. Let n , = 3 and n 2 
= 8, then from Eq. (1) the distances from the centre 
of the screen of the first and the second regions of 
darkness are given by 

2) d 


yi 


"i — 


and 


1 A k„D 

yi~ I ” 2 _ 2J ~~d~ 

A D 

A y = y 2 -y i = (n 2 -n ,) x —— 

d 


= (8 - 3) x 


4500 xlO" 10 x 1-2 


1x10 


-3 


= 2.7 x 10” 3 m = 2.7 mm. 

Hence the correct choice is (c). 

72. If 8 is the phase difference between the interfering 
waves at point P, then the intensity at point P is given 
by (see Fig. 17.9) 



1 = /max C0S ‘ 


2 j 


Given 


cos — 


0) 

2 


/= -2®-. Hence 
2 

1 i • i 5 n 

= — , which gives — = — 

2 2 4 


or 


S= - 
2 


The angular separation 9 between points P and 
O is given by tan 9 = ylD. Since 9 is very small, 
tan 9- sin 9. Hence 


( 1 ) 


( 2 ) 


sin 9= — 

D 

If [i is the fringe width, then 

Z = 71/2 - 1 

P 2n ~ 4 
This is so because the phase difference 5 between two 

consecutive maxima is 2 n. Now p= -. Using this 

in Eq. (2), we get ^ 

yd _ 1 


AD 


or — 


y_ = A 

D 4 d 


( 3 ) 
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Using Eq. (1) in Eq. (3), we have 


sin 9 = 


4 d 


or 9= sin 




4 d 


, which is choice (d). 


73. De Broglie wavelength of electron is 

_ h 

P 


A- * = 


tnv 

If speed v of electron is increased, momentum 
p(= tnv) will increase. Hence wavelength A will 
decrease. Now, the angular width of the central 
maximum of the diffraction pattern is 26 where 
6 is given by 

• „ A 

sin 0 = — 
a 

where a is the width of the slit. Thus, if A decreases, 
9 and hence 29 will decrease. Therefore, the correct 
statement is (c). 

74. When a sheet of thickness t and refractive index p 
is introduced in one of the interfering waves, the 
distance y 0 through which the fringes shift is given 
by 

y 0 =(H-l)t ^ ( 1 ) 

a 

The fringe width [i , i.e., the distance between 
successive maxima (or minima) is given by 

d 

When the distance D between the slits and the screen 
is doubled, the new fringe width becomes 

AD 


p'= 2 


( 2 ) 


It is given that >' 0 = /?Equating Eqs. (1) and (2) we 
get 

„ AD , D 

2 -- = (n- 1 ) t — 

d d 

A= X - (Ji-l)t 
which is choice (b) 

75. The angular width of a fringe is given by 



0 = 

A 

d 

In air: 

o a = 

K 

d 

In water: 


K 

d 

• 

0 W _ 

K 

• • 


K 




A 


( 1 ) 


a 


Now, refractive index is defined as 

speed of light in air 


Pw = 


speed of light in water 


= = V K_ = K_ (2) 

v w V A w A„, 

where v is the frequency of light which remains 
unchanged. 

Using Eq. (2) in Eq. (1) we have 

6 0 2 ° 

9 = — =0.15° 


4/3 


So the correct choice is (a). 

76. Refer to Fig. 17.10. When the incident beam falls 
normally on the slits S, and S'-,, the path difference at 
the central point P 0 of the screen is zero. Hence we 
have the central maximum at P 0 . 

Let the minima appear along directions 9 with 
respect to the incident direction. Coherent waves 
from S j and S 2 along this direction are brought 
to a focus at P. It is clear that the path difference 
between the waves from 5, and S 2 on reaching P is 
A = d sin 9 



The interference minima will appear on the screen 
if 

A , n, 

A = I /? H— A 

2 ) 


1 ^ 


or d sin 9 = I n + — 

2 ) 


A ; n = 0, ± 1, ± 2,. .. 
Thus the directions of minima are given by 


( O 

(A\ 

\ n + — 

x — 

l 2) 

Vd) 


Given d= 1.0 mm and A = 0.5 mm. Therefore 


( O 


f°- 5 l 

1 

f n 

\n + - 

X 


= — 

n -\— 

\ 2) 


U.oJ 

2 

l 2) 


The allowed values of m arc those integers for which 
sin 9 is not more than + 1 or less than - 1. These 
values are n = 1,0, - 1 and - 2. Hence four minima 
will be observed. The correct choice is (b). 

77. If an interference experiment is performed using two 
wavelengths close to each other, two interference 
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(a) 1 : 2 (b) 1 : 4 

(c) 1 : 8 (d) 1:16 

2. The phase difference between the interfering waves 
at point F is 


«! 

(c) - 
4 


(b) 1 

(d) 1 
2 


3. If 10% of the power received by each aperture goes 
in the original direction, the resultant power at point 
F will be 

(a) 5 pW (b) 6 pW 

(c) 7 pW (d) 8 pW 

'l'p\ Solutions 




10 


-2 


1. Intensity of the beam (I) = — Wm 

K 

Power received at aperture A =/x cross-sectional area 
of A 


10 


= — X 7TX (0.001 ) 2 = 10 
K 

10 

Power received at aperture B = — x n x (0.002)' 

K 


w 


= 4x10 5 W 


So the correct choice is (b). 

2. The phase difference at F is 

2k 


8 = (/* - 1) x / x 


A 


(1.5 - 1) x (2000 x 10 -8 ) x 2 tt n , 

=- - -= — rad 

(6000 x10 -8 ) 3 

The correct choice is (b). 

3. Since 10% the power received at each aperture goes 
in the original direction, the power at point F due to 
the two apertures respectively is 

- « A “ 6 \v 


P A = 10% of 10 -5 W = 10 
P B = 10%of4x 10“ 5 W = 4 x 10 


W 


Now, intensity (and hence power) is proportional 
the square of the amplitude. If A x and A 2 are the 
amplitudes at F due to the two sources, we have 
P A = kA 2 l and P B = kA 2 2 , where k is the proportionality 
constant. Thus 
> 

— and A ? = 
k V k 

Resulting amplitude 

A = y]A 2 + A 2 + 2 A ] A 2 cos 8 
Substituting the values ofA^, A 2 and <5, we get 




A = 


7x10 


-6 


_ 


Resultant power at F = kA 


6 


= Arx 7x10 =7 x10 _6 W 


Hence the correct choices is (c). 

Questions 4 to 6 are based on the following passage. 

Passage II 



A narrow monochromatic beam of light of intensity / is 
incident on a glass plate A as shown in Fig. 17.13. Another 
identical glass plate B is kept close to A and parallel to it. 
Each plate reflects 25% of the light intensity incident on 
it and transmits the remaining. Interference pattern is 
formed by beams 1 and 2 obtained after reflection at each 
plate. 

4. The intensity of beam 2 is 

3 1 , 3/ 

(a) — (b) 


16 

/ . 9/ 
(c) — 

32 


32 

(d) — 
64 


5. The ratio of the intensities of beams 1 and 2 is 


, > 16 

~9 

(c)“ 

16 


<b » i 
,d, i 


6. The ratio of the maximum and minimum intensities 
in the interference pattern is 
(a) 16 : 1 (b) 25 : 1 

(c) 36 : 1 (d) 49 : 1 

T'/'S, Solutions 
'v"° 

4. A beam of light of intensity I is incident on plate A. 

Since the plate reflects 25% of/, the intensity of the 

reflected beam 1 (see Fig. 17.14) is 

25 / 

/, =/x -= - 

100 4 
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The remaining intensity 37/4 falls on plate B which 
reflects 25% of the intensity incident on it. Hence 
intensity of beam reflected from B is 
3/ 25 3/ 

4 100 16 

A beam of intensity 37/16 falls on plate A which 
transmits 75% of this intensity. Hence the intensity 
of beam 2 is 

37 75 97 

U = — x-= — 

2 16 100 64 


So the correct choice is (d). 
/. 7/4 16 


5. TL = 
/-> 


^., -. = TT which is choice (a). 
97/64 9 


«i _ 116 4 


6 . The ratio of amplitudes is — = — = — Thus . a. 


a- 

= 4 units and a 2 = 3 units. 

7 / , \2 
1 max _ Ct\ ~r CI 2 

Anin — #2 > 


4 + 3 
4-3 


\ 3 


= 49 


Thus the correct choice is (d). 


Questions 7 to 9 are based on the following passage. 

Passage III 

A monochromatic light of wavelength 5000 A is incident 
on two slits separated by a distance of 5 x 10 4 m. The 
interference pattern is observed on a screen placed at a 
distance of 1 m from the slits. A glass plate of thickness 1.5 
x 10 " 6 m and refractive index 1.5 is introduced between 
one of the slits and the screen. 

7. Due to the introduction of the glass plate, the phase 
difference between the interfering waves at the 
centre of the screen is equal to 

(a) n!2 (b) n 

(c) In (d) 37 T 

8 . If / 0 is the intensity at the centre of the screen before 
the plate is introduced, the intensity at the centre 
after the plate is introduced 


(a) remains equal to 7 0 (b) becomes less than 7 0 

(c) becomes greater than 7 0 (d) becomes equal zero. 

9. The lateral shift of the central maximum is 
(a) 2 mm (b) 3 mm 

(c) 4 mm (d) 5 mm 

Solutions 



7. When a transparent plate of thickness t and refractive 
index p is introduced in one of the interfering waves, 
the path difference at the centre of the screen is 

A tD 

A = (p- 1) — 

cl 


.*. Phase difference0 = —— 

A 

In tD 

"T^T (,) 

Given A = 5000 A = 5 x 10 -7 m, 7 / = 1.5,/ = 1.5 x 1 (T 6 
m, D = 1 m and cl= 5 x 10 4 m. Using these values in 
Eq. (1), we get 0=3 n. So the correct choice is (d). 

8 . If 7 is the intensity of each interfering wave, the 
resultant intensity at the centre of the screen is 

I r = 7 + 7 + 2 yjl x 7 cos 3 n 

= 27-27= 0 (v cos 3/r = - 1) 

Hence the intensity at the centre is zero, i.e. there is 
a dark fringe at the centre.The correct choice is (d). 

9. The lateral shift of the central maximum is given by 

tD 

yo = (f*~ 0 ~T 

cl 

Substituting the values of p, t , D and d , we get >' 0 = 
5 x 10 } m = 5 mm,which is choice (d). 


Questions 10 to 13 are based on the following passage. 

Passage IV 


A glass plate of refractive index p 3 = 1.5 is coated with a 
thin layer of thickness t and refractive index p : =1.8. Light 
of wavelength A travelling in air is incident normally on 
the layer. It is partly reflected at the upper and the lower 
surfaces of the layer and the two reflected rays interfere. 


10. The two reflected waves interfere constructively if {n 
is an integer) 


(a) / = 


nA 

2 p 2 


(b) / = 


nA 


2 (// 2 -// 3 ) 


(c) t 


( 

1 ^ 

A 

( 1 

\n + — 

n + 

V 

2 ) 


(d) t= ^ 2 ) 


A 
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SECTION 


Assertion-Reason Type Questions 


In the following questions, Statement-1 (Assertion) is 
followed by Statement-2 (Reason). Each question has the 
following four choices out of which only one choice is correct. 

(a) Statement-1 is True, Statement-2 is True; Statement-2 
is a correct explanation for Statement-1. 

(b) Statement-1 is True, Statement-2 is True; Statement-2 is 
NOT a correct explanation for Statement-1. 

(c) Statement-1 is True, Statement-2 is False. 

(d) Statement-1 is False, Statement-2 is True. 

1. Statement-1 

Red light travels faster in glass than green light. 

Statement-2 

The refractive index of glass is less for red light than 
for green light. 

2. Statement-1 

In Young’s double slit experiment, if the width of the 
source slit is increased, the fringe pattern becomes 
indistinct. 

Statement-2 

The angular width of interference maxima increases 
if the width of the source slit is increased. 

3. Statement-1 

In a single slit diffraction experiment, if the width of 
the slit is increased, the diffraction maxima become 
sharper and brighter. 

Statement-2 

The angular width the diffraction maxima is inversely 
proportional to the width of the slit. 

4. Statement-1 

When light travels from a rarer to a denser medium, 
its speed decreases. 

Statement-2 

Energy carried by the refracted light is reduced. 

5. Statement-1 

When a light wave travels from one medium to 
another, its frequency remains unchanged. 


Statement-2 

The speed of the wave undergoes a change. 

6. Statement-1 

When a light wave is reflected from a mirror, it 
undergoes a phase change of /r. 

Statement-2 

The direction of the propagation of light is changed 
due to reflection. 

Solutions 

V' 

1. The correct choice is (a). Refractive index of a 
medium is defined as 

speed of light in vacuum 
speed of light in the medium 

The refractive index of glass is less for light of longer 
wavelength. The wavelength of red light is more than 
that of green light. Flence fi R < p G which implies that 
the speed of red light is more than that of green light 
in glass. 

2. The correct choice is (c). If the source slit is wide, 
the interference pattern becomes indistinct because 
the interference patterns due to various parts of the 
source slit overlap. Consequently, the minima will 
not be totally dark and the fringe pattern becomes 
indistinct. 

3. The correct choice is (a). 

4. The correct choice is (b). The energy of a wave is 
determined by the square of its amplitude; it does not 
depend on the speed of the wave. 

5. The correct choice is (c). The frequency of a wave 
does not depend on its speed or wavelength; it 
depends on the frequency of the source which 
produces that wave. 

6 . The correct choice is (c). The phase change is due to 
the reversal of amplitude of the wave on reflection 
from the mirror. 
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=>cos 


A0 


= + 


1 


where 


or 


V 2 

A0 _n 3 n 5 k 

2 '4’T’T’ 
// = 0 , 1 , 2 , ... 

K 


= ( 2 «+l) ^ 


A0 = (2/7 + 1) — 

2 

2 /r /r 

=> — Ay = ( 2/7 + 1) — ; Ay = path dilterenee 

A 2 

A 

=> Ay = (2/7 + 1) - 

4 

v 1 

18. Give — = -- => u = -3v = -3 x 8 = -24m 
u 3 



I_I_ I 

V u f 

111 

=>-= => f- 6m 

8 -24 / 

If A is the wavelength of light in the lens and A 0 in 
air, then 

v = vA 

c = vA 0 

c A 0 

// =-= — => A = — 
i> A d 


, 2 A 0 3 

Given A = —— . Hence u= — 
3/7 2 


: = 1.5 


7 


= (//-!) 


1 


1 


v 


= (1.5-1) 


I_i N 

R 


oo 


0.5 

/?, 


I 0.5 
> 


6 /f, =/? > =3m 


19. Intensity of light transmitted by A = — According 
to Malus law, the intensity of light transmitted by B 

= —cos 2 9 = —cos 2 (45°) = — 

2 2 4 

20. If S is the phase difference between the interfering 
waves at point P, then the intensity at point P is given 
by 

I = Anax COS 2 (— 

V2 

Given I = - max .Hence 

2 

2 (8 \ 1 . . 8 k 

C ° S 2 J = 2 gi yes ~ 2 = *4 


7T 


or 



o 


The angular separation 0 between points P and O is 
given by tan# = y/D. Since 6 is very small, tan 6 - 
sin 9. Hence 


sin«- - 

If (5 is the fringe width, then 
y 8 _ K / 2 

v : 


(i) 


\_ 

4 


( 2 ) 


27T 2 k 

This is so because phase difference 8 between two 

AD 


consecutive maxima is 2. Now /J = 
Using this in Eq.(2), we get 

yd 1 
AD ~ 4 
y_ A 
° r D 4d 

Using Eq. (1) in Eq.(3), we have 


d 


(3) 


A 

sin 9 = — or 9= sin 
4d 


-\ 


( A 


4 d 


, which is choice (d). 
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DUAL NATURE OF 
AND RADIATION 


REVIEW OF BASIC CONCEPTS 


1. Photoelectric Effect 

When electromagnetic radiation of appropriate frequency 
falls on a metal, electrons are emitted. This phenomenon 
is called photoelectric effect and the emitted electrons are 
called photoelectrons because they are liberated by means 
of light. 


Einstein’s Photoelectric Equation 

The classical electromagnetic wave theory of light, which 
successfully explained interference, diffraction, and 
polarization of light, could not account for the observations 
related to photoelectric effect. In 1900 Planck postulated 
that light waves consist of tiny bundles of energy called 
photons or quanta. The energy of a light wave of frequency 
v is given by E = hv, where h is Planck’s constant. Photon 
is simply a light wave of energy E. 

Following Planck's idea, Einstein proposed a theory 
for photoelectric effect. According to him, when a photon 
of light falls on a metal, it is absorbed, resulting in the 
emission of a photoelectron. The maximum kinetic energy 
AT max = 1/2 mv max of the emitted electron is given by 


1 

- mv 
2 


2 

max 


hv- W 0 



This is the famous Einstein’s photoelectric equation. The 
term hv represents the total energy of the photon incident on 

the metal surface. The photon penetrates a distance of about 

—8 

10 ' m before it is completely absorbed. In disappearing, the 
photon imparts all its energy to a single electron. Part of this 
energy is used up by the electron in freeing itself from the 
atoms of the metal. This energy designated by W 0 in Eq. (1) 
is called the work-function of the metal and is a characteristic 


MATTER 


Chapter 



of it. The rest of the energy is used up in giving the electron 
kinetic energy. 

The work function W 0 , i.e. the energy required to pull 
an electron away from the surface of the metal, is large for 
heavier elements like platinum whereas for other elements 
like alkali metals, W 0 is quite small. The minimum, or 
threshold energy which a photon must have to free the 
electron from the surface of the metal should be equal 
to its work function. If the threshold frequency is v 0 , the 
threshold energy is /?v 0 . Thus 

=hv 0 

Einstein’s photoelectric equation therefore becomes 


]_ 

2 



= /? (v- v 0 ) 



It is evident that when v < v 0 , no electron is emitted 
for any intensity of light. When v> v 0 , the energy of the 
electron increases linearly with the frequency v of light. 
Since intensity of light is a measure of the number of 
photons and since each photon emits a photoelectron on 
absorption, the intensity of photoelectrons is proportional 
to the intensity of light. 

Below a certain negative voltage F 0 , no photoelectrons 
are emitted no matter what the intensity of light is. This 
voltage is called the cut-off or stopping potential. Since 
there is no photoelectric emission at potentials less than Vo, 
the maximum velocity v max acquired by the photoelectrons 
is given by 

^max — m ^max — e ^0 


where K max is the maximum kinetic energy. V 0 is given by 

eV 0 =h (v- v 0 ) 

or V 0 = j(v-v 0 ) (3) 
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Laws and graphs of photoelectric effect 


(1) For a given emitter illuminated by radiation of a given 
frequency, the photoelectric current is proportional 
to the intensity of radiation (Fig. 18.1) 


A 


Photoelectric 

current 



(2) The maximum kinetic energy (AT max ) of photo¬ 
electrons is proportional to the frequency (v) of the 
incident radiation and is independent of intensity of 
the radiation (Fig. 18.2). 



Fig. 18.2 


^max= MV - V 0 ) 

Slope of graph = //(Planck’s constant). 

K max = 0 when v < v (threshold frequency) 

(3) For every emitter there is definite threshold frequency 
(v 0 ) below which no photoelectrons are emitter no 
matter what the intensity of radiation is. 

(4) Graph of stopping potential (V 0 ) versus frequency v 
of incident radiation (Fig. 18.3). 

Metal A 



Fig. 18.3 

K 0 = -(v- v 0 ) 

e 

Slope of graph = —, which is the same for all 
metals. e 


(5) Graph of photoelectric current (/) versus voltage (V) 
for radiations of different intensities (/, > I 2 ) but of 
the same frequency (Fig. 18.4). 



( 6 ) Graph of photoelectric current (/) versus voltage (V) 
for radiations of different frequencies (v', > v 2 ) but 
of the same intensity (Fig. 18.5) 



(7) Threshold wavelength is A 0 = — . For photoelectric 
emission A < A 0 . v ° 

Q EXAMPLE 1 What is the linear momentum of a 
photon of light of wavelength 663 nm. Given h - 6.63 x 
1 (T 34 Js? 

SOLUTION Energy of photon is 

he 

E — h v = — 

A 

(6.63 x 10 ~ 34 ) x (3 x 10 X ) 

663 x 1 O ' 9 
= 3 x 10 " 19 J 

E 3 x 10 -19 , 7 

Linear momentum = — =- 3 — = 1.0x10 ' J s m 

C 3x10* 

EXAMPLE 2 A parallel beam of monochromatic 
light of wavelength 663 nm has intensity 300 Wm . How 
many photons are incident per second on a square surface 
of side 10 cm held perpendicular to the beam ? 

SOLUTION Intensity of light on a surface is 
defined as the energy incident per unit time on a unit area 
held normal to the beam of light. 

Area of surface is 

A = 10 cm x 10 cm = 10" cm" = 10 2 m 2 . 


power 

Intensity = — 

area 
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Power (P) = Intensity x area = 300 Win 2 x 10 2 m 2 = 3 W 

Let n be the number of photons incident per second on the 
surface. Energy of 1 photon = hv. Therefore, energy of n 
photons = nhv. Hence, number of photons incident per 
second is 

P PX 


n = 


hv he 


3 x (663 x 10~ 9 ) 


(6.63x10“ 14 ) x (3 x 10") 


= 10 19 


EXAMPLE 3 The maximum wavelength of 
radiation that can cause photoelectric emission in a metal 
of work function 2.5 eV is very nearly equal to 


(a) 400 nm 
(c) 600 nm 


SOLUTION A max = 


(b) 500 nm 
(d) 700 nm 


he 


(6.63 x 10~ 34 ) x (3 x 10 8 ) 
(2.5 x 1.6 x 10~ 19 ) 


= 4.97 x 10 7 m 
= 497 nm 


So the correct choice is (b). 


EXAMPLE 4 A 100 W sodium lamp is emitting 
3 x 10“ photons per second. Find the wavelength of light 
emitted by the bulb. 

SOLUTION Energy of each photon of light is 

100Js _l 10'’° 


_ P 

n 3 x 10 20 s -1 


J 


Wavelength 


_ h c 

X - 

E 


(6.63 x 10~ 34 ) x (3 x 10 8 ) 
l(T l8 /3 


= 5.97 x l(T 7 m 
= 597 nm 

EXAMPLE 5 An atom of mass m is moving with a 
velocity v. It absorbs a photon of wavelength A and comes 
to rest. The value of v is given by (here h is Planck’s 
constant). 

„ mX , mh 

(a) — (b) — 


(c) 


h 

h 


mX 


(d) 


A h 


m 


SOLUTION The linear momentum of the photon is 

h 

P= T 


Since the atom comes to rest after absorbing the photon, 
the total final momentum is zero. From the principle of 
conservation of momentum, the initial momentum must 
be zero. Hence 

h 

mv = — 

X 


v = 


h 


m 


X 


, which is choice (c). 


EXAMPLE 6 A 9 kW light source emits light 
of frequency 10 1:> Hz. A parallel beam of this light falls 
normally on a surface. If the surface completely absorbs 
all the incident photons, the force exerted by the light 
beam on the surface is 


(a) 3 x 10 0 N 


(b) 3 x 10 > N 


(c) 3 x 10 5 N 


(d) 3 x 10‘ 9 N 


SOLUTION Total electromagnetic energy falling 
on the surface per second is 

E = 9 x 10 3 J per second 

The total momentum of all the photons falling on the 
surface per second is 


E 9x10- 


p= - = 


= 3 x 10~ 5 Ns 


c 3x10° 

Since all the photons falling on the surface are completely 
absorbed, the total momentum imparted to the surface per 
second = 3x10 ? Ns. According to Newton’s second law, 
the change in momentum in 1 s is the force. Hence, the 
force exerted on the surface is 

3 x 10 -5 Ns 


F = 


1 s 


= 3 x 10 -5 N. 


by 


EXAMPLE 7 An electromagnetic radiation given 

E= E 0 [sin (In v,/) + sin (2 n v 2 t)] 

where v, = 1.3 X 10 15 Hz and v 2 = 1.1 x 10 15 Hz falls 
on a photocell whose work function is 2.0 eV. Then the 
photoelectric current through the cell 

(a) is zero 

(b) increases with time 

(c) remains constant 

(d) increases and decreases periodically with time. 
SOLUTION Using trignometric relation 


sin A + sin B = 2 sin 


A + B 


cos 


A-B 


the above equation can be written as 


E = 2£ 0 coss2/r 


'V,-V 2 ' 


/) sin < 2/r 


Vj + v 2 
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Since there is a loss of kinetic energy (*. • E f < Ed, the 
collision is inelastic. The energy of the scattered electron 
= E:~ E f = 3.4 x 10“ 18 J. 

EXAMPLE 21 Ultraviolet light of wavelength 99 
nm falls on a metal plate of work function 1.0 eV. Find the 
wavelength of the fastest photoelectron emitted. Mass of 
electron (m) = 9.1 x 10' 1 kg and h = 6.6 x 10“ >4 Js. 


SOLUTION 


E^ = hv-W 0 = h j--W, 
(6.6 x 10” 34 ) x (3 x 10 8 ) 


99 x 10 


-9 


- 1.0 x 1.6 x 10 


-19 


= 2x 10" 18 - 1.6 x 1(T 19 
= 1.84 x 10 18 J 


A = 


h 


>J 2mK max 


6.6x10 


-34 


^2 x (9.1 xl0' 31 )x 1.84 xIO -18 
3.6 x 10 10 m = 0.36 nm 


EXAMPLE 22 A proton and an electron have equal 
kinetic energy. Which of the two has a greater de Broglie 
wavelength? 

SOLUTION A..= , h A = 




r e _ 


m 


A. 


m. 


> 1 


y/2m e K 


(v m D > m e ) 


Hence the electron has the greater wavelength. 




SECTION 


Multiple Choice Questions with One Correct Choice 


1. Which one of the following statements is NOT true 
about photoelectric emission? 

(a) For a given emitter illuminated by light of a given 
frequency, the number of photo-electrons emit¬ 
ted per second is proportional to the intensity of 
incident light. 

(b) For every emitter there is a definite threshold 
frequency below which no photoelectrons are 
emitted, no matter what the intensity of light 

is. 

(c) Above the threshold frequency, the maximum 
kinetic energy of photoelectrons is proportional 
to the frequency of incident light. 

(d) The saturation value of the photoelectric current 
is independent of the intensity of incident light. 

2. Which one of the following graphs in Fig. 18.7 shows 
the variation of photoelectric current (/) with voltage 
(V) between the electrodes in a photoelectric cell? 


A 

1 




(a) 


(b) 




(c) 


(d) 


Fig. 18.7 


3. For a photoelectric cell, the graph in Fig. 18.8 
showing the variation of the cut-off voltage V 0 with 
frequency (v) of incident light is 




(b) 
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(a) V 0 and J£ max both increase 

(b) K 0 and K max both decrease 

(c) V 0 increases but K max remains the same 

(d) K milx increases by V 0 remains the same. 

29. The work function for aluminium surface is 4.125 
cV. The cut off wavelength for photoelectric effect 
for this surface is 

(a) 3000 A (b) 3100 A 

(c) 4200 A (d) 1500 A 

30. The work function for aluminium surface is 4.2 eV 
and that for sodium surface is 2.0 eV. The two metals 
were illuminated with appropriate radiations so as to 
cause photo emission. Then 

(a) both aluminium and sodium will have the same 
threshold frequency. 

(b) the threshold frequency of aluminium will be 
more than that of sodium. 

(c) the threshold frequency of aluminium will be 
less than that of sodium. 

(d) the threshold wavelength of aluminium will be 
more than that of sodium. 

31. X-rays of frequency v are used to irradiate sodium 
and copper surface in two separate experiments and 
the stopping potential determined. Then 

(a) the stopping potential is more for copper than for 
sodium. 

(b) the stopping potential is more for sodium than for 
copper. 

(c) the stopping potential is the same for sodium and 
copper. 

(d) the stopping potential for both will vary as 1/v. 

32. A caesium photo cell, with a steady potential 
difference of 60 volt across it, is illuminated by a 
small bright light placed 50 cm away. When the same 
light is placed one metre away the electrons crossing 
the photo cell 

(a) each carry one quarter of their previous energy 

(b) each carry one quarter of their previous 
momentum 

(c) are half as numerous 

(d) are one quarter as numerous. 

33. An image of the sun is formed by a lens of focal 
length 30 cm on the metal surface of a photo-electric 
cell and it produces a current /. The lens forming the 
image is then replaced by another lens of the same 
diameter but of focal length 15 cm. The photoelectric 
current in this case will be 

(a) 112 (b) 2 I 

(c) 1 (d) 4 / 


34. 


The momentum of a photon of wavelength A is 




he 

T 


(c) hX 



h 

X 


35. The energy of a photon corresponding to the visible 
light of maximum wavelength is approximately 
equal to 

(a) 1.0 eV (b) 1.5 eV 

(c) 2.0 eV (d) 2.5 eV 


36. Violet light can cause photoelectric emission from 
a metal but blue light cannot. If sodium light is 
incident on the metal, then 

(a) the photoelectric current decreases 

(b) the number of photoelectrons ejected per second 
increases 

(c) the velocity of photoelectrons increases 

(d) no photoelectric emission occurs. 

37. What is the stopping potential for photoelectrons 
ejected from a photosensitive material of work 
function 1.6 eV when it is irradiated by photons of 
energy 2.4 eV? 

(a) 0.8 V (b) 2.0 V 

(c) 4.0 V (d) none of these 

38. 10" photons of wavelength 660 nm are emitted per 
second from a lamp. What is the wattage of the lamp. 
Planck’s constant = 6.6 x 10 -34 Js. 

(a) 30 W (b) 60 W 

(c) 100W (d) 500 W 

39. When a certain photosensitive surface is illuminated 
with monochromatic light of frequency v, the stopping 
potential for photoelectric current is V 0 /2. When the 
same surface is illuminated by monochromatic high 
of frequency v/2, the stopping potential is V 0 . The 
threshold frequency for photoelectric emission is 




3v 

2 




5v 

3 


40. When a certain photosensitive surface is illuminated 
with monochromatic light of wavelength A, the 
stopping potential for photoelectric current is 2 V 0 . 
When the same surface is illuminated with 
monochromatic light of wavelength 2 A, the stopping 
potential is V 0 / 2. The threshold wavelength for 
photoelectric emission is 
(a) 1.5 X (b) 2.0 X 

(c) 2.5 A (d) 3 A 


Copyrighted material 



18.14 Complete Physics—JEE Main 


83. According to Einstein's photoelectric equation, 
the plot of the kinetic energy of the emitted photo 
electrons from a metal Vs the frequency, of the 
incident radiation gives a straight line whose slope 

(a) depends on the nature of the metal used 

(b) depends on the intensity of the radiation 

(c) depends both on the intensity of the radiation and 
the metal used 

(d) is the same for all metals and independent of the 
intensity of the radiation 

84. Figure 18.11 shows the variation of photoelectric 
current (/) with anode potential (V) for a photo¬ 
sensitive surface for two radiations of intensities I a 
and I h and frequencies v a and v h for the curves a and 
b respectively. It follows from the graph that 

(a) v„ = v b , I b < /„ (b) v a = v b , 4 > 4 

(c) v„ < v h , 4 > 4 (d) v„ < v b , 4 = 4 



Fig. 18.11 


* /A 

Answers 


1. (d) 

2. (a) 

3. (d) 

4. (d) 

5. (c) 

6. (b) 

7. (a) 

8. (d) 

9. (d) 

10. (c) 

11. (d) 

12. (b) 

13. (d) 

14. (a) 

15. (b) 

16. (a) 

17. (a) 

18. (d) 

19. (a) 

20. (b) 

21. (a) 

22. (a) 

23. (b) 

24. (b) 

25. (c) 

26. (a) 

27. (c) 

28. (a) 

29. (a) 

30. (b) 

31. (b) 

32. (d) 

33. (c) 

34. (d) 

35. (b) 

36. (d) 

37. (a) 

38. (a) 

39. (b) 

40. (d) 

41. (b) 

42. (b) 

43. (c) 

44. (d) 

45. (a) 

46. (c) 

47. (b) 

48. (d) 

49. (a) 

50. (a) 

51. (d) 

52. (c) 

53. (c) 

54. (b) 

55. (b) 

56. (a) 

57. (a) 

58. (d) 

59. (a) 

60. (d) 


61. (c) 

62. (a) 

63. (c) 

64. (c) 

65. (d) 

66. (d) 

67. (b) 

68. (a) 

69. (b) 

70. (a) 

71. (a) 

72. (b) 

73. (d) 

74. (b) 

75. (c) 

76. (c) 

77. (b) 

78. (d) 

79. (c) 

80. (b) 

81. (b) 

82. (d) 

83. (d) 

84. (b) 


T'/A Solutions 

‘v"° 

1. The only incorrect statement is (d). 

2. The correct choice is (a). 

3. The correct choice is (d), because K max = eV 0 = 
h(v- v 0 ) 

4. Since K imxx = h(v- v 0 ), the slope of the graph of K max 
against v is h , the Planck's constant. 

5. The correct choice is (c). 

o 

6. The photon penetrates a distance of about 10 “ : m 
before it is absorbed. It imparts all its energy to a 
single electron. Part of this energy is used up in 
freeing the electron from the atom of the metal. 
This energy is called the work function which is a 
characteristic of the metal. Hence the correct choice 
is (b). 

7. The threshold frequency v 0 is given by 


v 0 = 


_ % 


Now W 0 = 3.31 eV = 3.31 x 1.6 x 10~ 19 J. Therefore 


= 


3.31 x 1.6 x 10~ 19 J 
6.62 x 10 -34 Js 


= 0.8 x 10 15 Hz 


8 . 


max = h (v - v 0 ) where v 0 = 0.8 x 10 15 Hz and 


c 3 x 10 8 ms 1 
A 3 x 10~ 7 m 


10 15 Hz. 


9. 


Hence K m . M = 6.62 x 10~ 34 (10 15 - 0.8 x 10 15 ) = 
1.324 x 10 19 J. Hence the correct choice is (d). 
Wavelength of incident radiation is A = 1100 A = 
1100 x 10~ R 'm. Therefore, frequency of incident 
radiation is 



3 x 10 8 
HOOxlO -10 


= 0.3 x 10 16 Hz 


Threshold wavelength is A 0 = 330 A = 330 x 10~'° 
m. Therefore, threshold frequency is 


V'O = 


c 


3x10' 


330x 10 


-10 


= 0.9 x 10 16 Hz 


Since v< v 0 , no photoelectron is emitted. 
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10 . 


11 . 

12 . 


13. 


14. 

15. 

16. 

17. 

18. 

19. 


20 . 


21 . 


22 . 


When the distance of the source from the cell is 
increased, the intensity of light falling on the cell 
decreases; but the cut-off voltage of the cell is 
independent of the intensity of the incident radiation. 
Hence the correct choice is (c). 

The correct choice is (d). 

Cut-off wavelength A 0 = 6000 A = 6 x 10 7 m. 
Therefore, threshold frequency is 


^0 = 


c 


3x10 


A 


o 


6x10 


-7 


= 0.5 x 10 15 Hz 


Work function W 0 = h v 0 = 6.6 x 1 0 34 x 0.5 x 1 0 15 

= 3.3 x 10~ I9 J. 

Photoelectrons will be emitted if the wavelength of 
light is less than the threshold wavelength 5200 A. 
Wavelength of sodium light is about 6000 A, that of 
red light is about 8000 A and that of infrared light 
is about 10,000 A. But the wavelength of ultraviolet 
light is less than 2000 A. Hence the correct choice is 

(d). 

The correct choice is (a). 

The correct graph is (b). 

The correct choice is (a). 

The correct choice is (a). 

The correct choice is (d). 

Energy of a photon is E = hv. Now v = — . Hence 

„ he 1 

E = 


or 


A = 


A 

he 

~E 


Hence the correct choice is (a). 


Work function W 0 = h v 0 = 3.3 eV = 3.3 x 1.6 x 1 (T 19 J. 
Therefore, the threshold frequency is 


v 0 = 


_ ^0 _ 


3.3x1.6x10 

-34 


-19 


h 6.6x10 
= 0.8 x 10 15 Hz 

Maximum energy £ rnax = h ( v- v 0 ) where v is given 
by 


’ A 


3x10 


3x10 


-7 


= 10 15 Hz 


^ m ax=/'O0' 5 -0.8xl0' 5 ) 

= 6.6 x 10 -34 x 0.2 x 10 15 
= 1.32 x 10 19 J 


1.32x10 


-19 


1.6x10 


-19 


= 0.825 eV 


£ max = eF 0 , where V 0 is the stopping potential. 
Therefore, 


23. E 


max 



max 


h v 


max 



= 0.825 V 

6,6 x 10~ 34 x 3 x 10 8 
0.33x10“'° 


24. 


= 6 x 10” 15 J = 37.5 keV 

A = 3500 A = 3500 x 10 10 m = 3.5 x 10 7 m. The 
energy of the incident light is 


or 


E = hv= — joule 
A 



electron volt 


where h = 6.63 x 10 ' 4 Js is the Planck's constant, 

O 1 

c = 3 x 10 ms is the speed of light in air and e = 
1.6 x 10 -19 C is the charge of electron. Substituting 
the values of A, /?, c and e and solving we get E = 
3.55 eV. Photoelectrons will be emitted from a metal 
if the energy of the incident light is greater than the 
work function. Since the work function of metal B is 
less than E, metal B will emit photoelectrons. 


25. 


Frequency of incident radiation is 
= c_ = 3 xlO 8 

A 2000 xlO -10 


= 1.5 x 10 15 Hz 


The work function of the metal is 


26. 



= h v — cVq 


= 6.6 x 10 34 x 1.5 x 10 15 

- 1.6 x 10“ 19 x 1.5 

= 7.5 x 10“ 19 J 

W 0 = h Vj - = h v 2 - eV 2 . Thus 



27. The correct choice is (c). 

28. The frequency of X-rays is higher than that of 
ultraviolet light. Now K nmx = h (v- v 0 ). Hence K max 
increases as v is increased. Also K nydX = eV 0 , where 
V 0 is the stopping potential. Hence V {) also increases 
with frequency. Hence the correct choice is (a). 

29. The cut-off wavelength A 0 is given by 


Ac = 6.6 x 10~ 34 x 3 x 10 8 
fV„ 4.125x1.6 xlO -19 


= 3000 x 10 10 m = 3000 A 


30. W o = hv 0 . Thus, the greater the work function, the 
higher is the threshold frequency and hence the 
lower is the threshold wavelength. Hence the correct 
choice is (b). 

31. Since the work function of sodium is lower than that 
of copper, it is easier to extract electrons from sodium 
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than from copper. Therefore, the electrons ejected 
from sodium will have a greater kinetic energy and 
will hence need a greater stopping potential. Thus 
the correct choice is (b). 

32. If the distance is doubled, the intensity, being 
proportional to Mr 2 , falls to one-fourth of its 
earlier value. Now, the energy of emitted electrons 
is independent of the intensity, but the number of 
electrons emitted per second is proportional to intensity. 
Hence the correct choice is (d). 

33. Lenses of equal diameters collect the same amount 
of light so that the intensity remains the same; hence 
the photoelectric current also remains the same. 

34. Energy of photon hv= me 2 . Therefore, 


hv 


h 


m = 


c 


c 


.*. Momentum of photon = me 
correct choice is (d). 


(v c = vA) 


—. Hence the 
A 


35. The maximum wavelength of visible light is about 
8000 A (the red end of the visible spectrum). The 
energy of a photon of wavelength A = 8000 A = 

8x10 7 m is 


E =hv = 


he 

T 


6.6 x 10~ 34 x 3 x 10 8 
8 x 10 -7 


= 2.5 x 10" I9 J= 1.5 eV 


36. The wavelength of blue light is longer than that 
of violet light and the wavelength of sodium light 
(yellow light) is longer than that of blue light. Since 
no photoelectric emission occurs for blue light, it 
follows that the wavelength threshold (A inin ) is less 
than the wavelength of blue light and hence less than 
that of yellow light. Hence the correct choice is (d). 

37 - ^max = eK 0 . Also K mm = e(v-v 0 ) = ev-w 0 = 2.4 eV 
- 1.6 eV = 0.8 eV. Thus eV 0 = 0.8 eV or V 0 = 0.8 V. 

38. Energy of photons of frequency (v) = h v. If the lamp 
emits v photons per second, then the power of the 
lamp is P = nh v. Now, v = c/A. Therefore 

p = nhc 

A 

_ 10 20 x 6.6 x 10“ 34 x 3 x 10 8 _ 30W 
660 x 10“ 9 


39. /? v = hv 0 + eV, where Fis the stopping potential. For 
frequency v, we have 

hv=hv 0 +^j- (i) 

and for frequency v/2, we have 


hv 


= hv 0 + eV 0 


(ii) 


From (i) and (ii) on eliminating V 0 , we get v 0 = 3 v/2. 
Hence the correct choice is (b). 

40. hv=hv () +eV. Since v=c/A, we have + eV, 

A Aq 

where A 0 is the threshold wavelength. For wavelength 
A, we have 

he he _ Tr 
— = — +2eV 0 


A Aq 
and for wavelength 2 A, we have 

+ eVo 


(0 


he he 


(ii) 


2 A A 0 2 

Eliminating V 0 from (i) and (ii) we get A 0 = 3A. 
Hence the correct choice is (d). 

41. For light of frequency 2 v 0 , we have 

(0 

For light of frequency 3 v 0 , we have 


2 h v 0 = h v 0 + e V 0 or /? v () = e V 0 


3 h Vn = h v A + eV or 2 h v n = e V 


(ii) 


From (i) and (ii) we get V = 2V 0 . Hence the correct 
choice is (b). 

1 7 

42. - mv~ mx = h (v- v 0 ). For light of frequency v=2v 0 
^2 


we have 


- mv 2 Q = h(2v 0 -v 0 ) = hv 0 


(0 


For light of frequency v= 5 v 0 , we have 


- mv 1 = h(5v 0 -v 0 ) = 4hv 0 


(ii) 


Dividing (ii) by (i) we get v 2 = 4v 2 0 or v = 2 v 0 . Hence 
the correct choice is (b). 


43. f^ 0 = /7V 0 = 


he 


. For a metal of work function W 0 / 2, 


the threshold wavelength A is given by 


IVn 


he 


2 A 

Thus X = 2X {) . Hence the correct choice is (c). 

44. The frequency never changes on reflection or 
refraction. Now, energy a photon = hv. Hence the 
correct choice is (d). 

45. Dimensions of /? = dimensions of energy x dimension 
of time 

= ML 2 T“ 2 xT = ML 2 T“‘ 


46. The correct choice is (c). 
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59. Given K mm = ^ - W 0 

A\ 

he 

and 2AT max = — - W 0 

A 2 

Dividing (ii) by (i), we get 

--W 
2 0 

2 = 


(i) 


(ii) 


he 


-tVr, 


he 

which gives W 0 = -—— (2A 2 - a,) which is choice 

Aj A? 

(a). 

60. K.E = hv — IiVq. Now /?v 0 = 6 x 10 34 x 1.6 x 10 l5 = 
9.6 x 10 -19 J = 6 eV. 

Given hv= 8 eV. Hence KE = 8-6 = 2 eV, which is 
choice (d). 

1 

61. Using eV 0 = - mv max , we have 


(l.76 x 10 6 ) 


= 1 x ^™ax _ i x 
0 2 elm 2 1.76x10" 


= 8.8 V 


62. Number of photons emitter per second is 

power P 


n = 


energy of one photon hv 


6.6 x 1 0 : 


6.6x10" 34 xlO 6 


= 10 31 


Hence the correct choice is (a). 
63. The correct choice is (c). 


64. eV 0 = hv. Therefore, v = — V 0 . Hence the slope of v 

e 

versus V 0 graph is — which is choice (c). 
i h 

65. E = - mv 2 = hv 0 - W 0 . Now E x = 2 - 1 = 1 eV and 
E 2 - 10-1=9 eV. Therefore E x /E 2 — 1/9, i.e. 


1 


mv 


- mv ? 
2 2 


9 


v x 1 

or — = - . Hence the correct choice is (d). 

^2 3 

E hv 

66. — = 77 — = vA = c. Hence the correct choice is (d). 
p h/A 

2 he 2 

67. hv= me " or — = me (v c = vA). Hence 

A 


m = 


h 

Ac 


which is choice (b). 


68. For /7th Bohr orbit, mvr = 
wavelength is 

h 


nh 

In 


. The de-Broglie 


But mv = 


A = 


nh 
2 k r 


mv 


. Therefore, 


A= h x —— = which is choice (a). 


nh 


n 


69. Refer to the solution of Q. 68. The correct choice is 
(b). 

h 

70. Given mv = — . Hence the correct choice is (a). 

A 


71. Given — - W 0 = K ] 

K 

he 

— - w 0 = k 2 

A-> 


and 


(0 


(ii) 


Eliminate he from (i) and (ii). The correct choice is 

(a). 

hv= E + W 0 = 0.5 eV+ W 0 (i) 

When the energy of the incident photon is increased 
by 20%, we have 


- hv= E' 4- W 0 = 0.8 eV + W Q 


(ii) 


Subtracting (ii) from (i), we get hv - 1.5 eV. Hence 
W 0 = hv - 0.5 eV= 1.5 eV-0.5 eV= 1.0 eV. Thus 
the correct choice is (b). 

73. The stopping potential depends on the frequency (or 
wavelength) of the incident electromagnetic wave 
and is independent of the distance of the source from 
photocell. Hence the stopping potential will still be 
0.6 V. However, the saturation current varies as 
1 //*", where r is the distance of the source from the 
photocell. Since r is increased by a factor of 3, the 
saturation current will decrease by a factor of (3) 2 = 
9, i.e. it will be 18 mA/9 = 2 mA at r - 0.6 m. Hence 
the correct choice is (d). 

74. The stopping potential in volts = kinetic energy of 
the emitted photoelectrons in eV. Hence the correct 
choice is (b). 


75. A, nax 


he 6.626x10“ 34 x3x!0 8 


W f 


o 4.0x1.6x10 


-19 


= 3.10 x 10“ 7 m 


= 310 nm, which is choice (c). 
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Therefore, —y is greater than — .Hence v'> 

83. The kinetic energy of the emitted photoelectrons is 
given by 

KE = h (v- v 0 ) 

where v is the frequency of the incident radiation, 
v () is the threshold frequency and h is the Planck’s 
constant. Hence the slope of the graph of KE Vs 


v is h, the Planck’s constant, which is a universal 
constant. Hence the correct choice is (d). 

84. It follows from the figure that the stopping potential 
(F 0 ) is the same for the two radiations. We know that 
eV 0 = E max and E max = hv- W 0 . Since F 0 is the same, 
E m . iS and hence v is the same for radiations a and h. 
Hence v a = v h . Since the saturation current is greater 
for radiation b than for radiation a , the intensity I h is 
greater than I a . Hence the correct choice is (b). 


■ 2 I 

SECTION 


Multiple Choice Questions Based on Passage 


Questions 1 to 3 are based on the following passage. 

Passage I 

A beam of light has three wavelengths 440 nm, 495 nm and 
660 nm with a total intensity of 3.24 x 10 -> Wm 2 equally 
distributed amongst the three wavelengths. The beam falls 
normally on an area of 1.0 cm of a clean metallic surface 
of work function 2.2 eV. Assume that there is no loss of 
light by reflection and each energetically capable photon 
ejects one electron and take h = 6.6 x 10 34 Js. 

1. Photoelectric emission is caused by 

(a) light of wavelength 440 nm alone 

(b) light of wavelength 660 nm alone 

(c) lights of wavelengths 440 nm and 495 nm 

(d) lights of wavelengths 495 nm and 660 nm 

2. The incident energy (in Js l ) of each wavelength is 

(a) 3.24 x 10“ 7 (b) 1.62 x 10 -7 

(c) 1.08 x 10 -7 (d) 0.81 x 10~ 7 

3. The total number of photo electrons liberated per 
second is 

(a) 4.9x10" (b) 5.1x10" 

(c) 5.3x10" (d) 5.5x10" 

Solutions 

1. The threshold wavelength is 

6c (6,6 xl0~ 34 )x (3 x10 s ) 

° ff'o 2.2 x 1.6x 10~ 19 

= 6 x 10 7 m = 600 nm 

Out of the three given wavelengths, two wavelengths 
A, = 440 nm and A 2 = 495 nm will cause photoelectric 



emission as these wavelengths are less than A 0 . Thus 
the correct choice is (c). 

2. Intensity of each wavelength is 1 = - x3.24x 10 3 = 

1.08x10' W m 2 . Area of metal surface is A = 1 cm 2 
= 1 x 10 4 nr . Therefore, energy of each wavelength 

is E = IxA = 1.08 x 10 J s ', which is choice (c). 

3. Let /?, be the number of photons of wavelength Aj 
incident per second. The energy of one photon = he! 
A,. Hence 

fhhc 

r- 


EL (1.08 x 10“ 7 ) x (440 x 10” 9 ) 

or >?. = -— = -n-«— 

he (6.6 x 10~ 34 ) x (3 x 10 s ) 

= 2.4 x 10 11 
Similarly /7 2 = 2.7xl0 n 

.*. Total number n = n x + n 2 = 5.1 x 10 11 , which is 
choice (b). 

Questions 4 to 6 are based on the following passage. 

Passage II 

In a photoelectric effect set-up, a point source of light 
of power 3.2 x 10 ' W emits monoenergetic photons 
of energy 5.0 eV. The source is located at a distance of 
0.8 m from the centre of a stationary metallic sphere of 
work function 3.0 eV and of radius 8.0 x 10 3 m. The 
efficiency of photoelectric emission is one for every 10 fl 
incident photons. Assume that the sphere is isolated and 
initially neutral, and that photoelectrons are instantly 
swept away after emission. 

4. The number of photoelectrons emitted per second is 
(a) 10 5 (b) 10 7 

(c) 10 9 (d) 10" 
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5. The kinetic energy of the fastest electron is 

(a) 8 eV (b) 5 eV 

(c) 3 eV (d) 2 eV 

6. The photoelectric emission stops when the sphere 
acquires a potential of 

(a) 2 V (b) 3 V 

(c) 5 V (d) 8 V 

W 

Solutions 

V' 

4. Refer to Fig. 18.12. 


Sphere 



Power of the source of light, P = 3.2 x 10 W. 
Energy of the emitted photon, E = 5.0 eV = 5.0 x 1.6 

x 1(T 19 = 8.0 x 10' 19 J. 

If r is the radius of the metallic sphere and R its 
distance from the source S, the power received at the 
sphere is 

nr 2 Pr 2 

P'=PX - 2 = - 2 

4nR 2 4 R 2 

_ 3.2 x 10 -3 x (8.0 x 10 -3 ) 2 

4x(0.8) 2 

= 8 x 10" 8 W(Js _1 ) 


Number of photons striking the sphere per second 
is 


_ 8 x 10~ x Js~ 
E ~ 8.0 x 10 -19 


Since one photoelectron is emitted for every I0 6 
incident photons, the number of photoelectrons 
emitted per second is 

n’ 10" 5 

n = — r = — ~r = 10 per second 
10 6 10 6 


The correct choice is (a). 

5. Kinetic energy of the fastest electron is 


£,= 5.0-3.0 = 2.0 eV, 
which is choice (d). 

6. Due to the emission of photoelectrons, the metallic 
sphere acquires a positive charge and it will oppose 
the ejection of photoelectrons due to attractive force 
exerted by the positive charge of the sphere on the 
electrons. The photoelectric emission will stop when 
the sphere acquires a positive potential equal to the 
stopping potential. In other words, the work function 
of the sphere keeps on increasing with time till it 
becomes equal to 5.0 eV (which is the energy of 
the incident photon). At this time, the emission of 
photoelectrons stops. 

Increase in work function = 5.0 eV - 3.0 eV = 2.0 eV. 
This implies that the photoelectric emission will stop 
when the sphere has acquired a potential of 2.0 V 
due to accumulation of charge. Hence the correct 
choice is (a). 


3 

SECTION 


Assertion-Reason Type Questions 


In the following questions, Statement-1 (Assertion) is 
followed by Statement-2 (Reason). Each question has the 
following four choices out of which only one choice is 
correct. 

(a) Statement-1 is True, Statement-2 is Ti*ue; Statement-2 
is a correct explanation for Statement-1. 

(b) Statement-1 is True, Statement-2 is True; 
Statement-2 is NOT a correct explanation for 
Statement-1. 

(c) Statement-1 is True, Statement-2 is False. 

(d) Statement-1 is False, Statement-2 is True. 


1. Statement-1 

A particle of mass M at rest decays into two 
particles of masses m { and m 2 which move with 
velocities and v 2 respectively. Their respective de 
Broglie wavelengths are A, and A 2 . If m , > m 2 , then 

A| > A 2 . 

Statement-2 

The de Broglie wavelength of a particle having 
momentum p is A = hip. 

2. Statement-1 

Figure 18.12 shows the graphs of /f max (maximum 
kinetic energy) of the emitted photoelectrons versus 
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(b) o, +v 2 = 


-(/ 1 +/ 2 ) 

m 


~\M2 


(c) v 2 + v 2 2 = fifi+fl) 


(d) v x -v 2 = 


2h 
m 


Ml 


(f\ ~ fl) 


|20«3J 


3. According to Einstein's photoelectric equation, 
the graph of all kinetic energy of the emitted 
photoelectrons from a metal versus the frequency of 
incident radiation is a straight line whose slope 

(a) depends on the nature of the metal 

(b) depends on the intensity of the radiation 

(c) depends on the nature of metal and the intensity 
of incident radiation 


(d) is the same for all metals and is independent of 
the intensity of incident radiation [2004] 

4. The work function of a metal is 4.0 eV. The longest 
wavelength of light that can cause photoelectric 
emission from the metal is approximately 

(a) 540 nm (b) 400 nm 

(c) 310 nm (d) 220 nm [2004] 

5. A photocell is illuminated by a small bright source 
placed 1 m away. When the same source is placed 

— m away, the number of photoelcctrons emitted 

becomes 

(a) 4 times (b) one-fourth 

(c) 2 times (d) one-half [2005] 

6. If the kinetic energy of a free electron doubles, its 
de-Broglie wavelength becomes 


(a) half 



V2 


times 


(b) twice 

(d) V 2 times [2005] 


7. The threshold frequency for a metallic surface 
corresponds to an energy of 6.2 eV and the stopping 
potential for a radiation incident on this surface is 
5 V. The incident radiation lies in 

(a) visible region (b) X-ray region 

(c) ultra-violet region (d) infra-red region 

|2006] 

8. The time taken by a photoelectron to come out of the 
metal after the photon strikes it is approximately 

(a) 10 16 s (b) 10 1 s 

(c) 10 4 s (d) 10 _1 ° s |20061 

9. The anode voltage of a photocell is kept fixed. The 
wavelength A of the light falling on the cathode 


is gradually changed. The plate current / of the 
photocell varies with A as follows: 


4 

/ 


t 

/ 



o 



o 





|2007] 

10. Photon of frequency v has a momentum associated 
with it. If c is the velocity of light, the momentum is 
(a) v/c (b) hvc 

(c) hv/c 2 (d) hv/c 12007] 


Directions: Questions 11, 12 and 13 arc based on the 
following paragraph. 

Wave property of electrons implies that they will show 
diffraction effects. Davisson and Germer demonstrated this 
by diffracting electrons from crystals. The law governing 
the diffraction from a crystal is obtained by requiring that 
electron waves reflected from the planes of atoms in a 
crystal interfere constructively. 


Incoming Outgoing 

electrons electrons 



11. Electrons accelerated by potential V are diffracted 
from a crystal. If d = lA and i = 30°, V should 
be about (h = 6.6 x 10“ 34 Js, m = 9.1 x 10 31 kg, 
e= 1.6 x 10’ 19 C). 

(a) 500 V (b) 1000 V 

(c) 2000 V (d) 50 V |2008| 

12. If a strong diffraction peak is observed when 
electrons arc incident at an angle 7’ from the normal 
to the crystal planes with distance W between them 
(see figure), de Broglie wavelength of electrons 
can be calculated by the relationship (n is an integer) 
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2xlAxcos30° _ 

n n 

For n = 1, A = V3 A = V3 x 10” 1() m 

Kinetic energy of an electron acceleration through a 
potential difference VisK=eV. de Broglie wavelength 
of electron is 


P 

k-34 


h 


h 


\l2tnK yJlmeV 

Putting h = 6.6 x 10 w Js, m = 9.1 x 10 11 kg and 


e = 1.6 x 10 19 C, we get 


A = 


V3 x 10~ 10 = 


12.26x10 


-10 


4v 

12.26 x 10 

7F 


-10 


which gives V = 50 V 

12. For maximum (strong diffraction peaks) 

A= nX (jB 

=> Id cos / = nX (jB 

The correct choice is (c). 

13. The diffraction pattern consists of a strong central 
maximum with maximum intensity at y = 0. So the 
peak of the intensity distribution curve lies at y = 0. 
Since the slit width d is comparable with de Broglie 
wavelength of the electrons, the incident electrons 
arc diffracted appreciably at the slit. Hcncc the 
electron beam spreads out due to diffraction at the 
slit. So the correct choice is (b). 

14. Energy of incident photon is E = hv = 

1240 e V nm 

400 nm “ 3 * 1 eV 

Energy of emitted photoelectrons = 1.68 cV. 
Therefore, work function W 0 = 3.1 - 1.68 = 1.42 eV. 
So the closest choice is (d). 

15. Power P = 4x 10 3 W / =4x 10 3 Js -1 


he 

T 


Since the energy of photon is hv, the power of 10“° 
photons = 10 2() x/7vJs 1 . Hence 
10 20 /7V=4x 10 3 


4x10- 


v = 


10 20 x 6.6x 1 O' 34 
The corresponding wavelength is 


- 6 x 10 16 Hz 


c 3 x 10 8 

A — ' — 77“ 

v 6 x 10 6 


= 5 x 10 9 m = 50 A 


This is the wavelength corresponding to X-rays. 


16 - ^max = /? ( v - v o)- Also ^ ma x= eV 0 

h 

F 0 = - (v - v 0 ). 
e 

If v is doubled, then 

^max = h ( 2v - v o) 

and Vq= — (2v-v 0 ) 
e 

Thus K' max is not equal to 2 K max and V' 0 is not equal 
to 2V 0 . But A' max and V 0 both vary linearly with v. So 
the correct choice is (d). 

17. Both the statements are true. The correct choice is 

(c). 

1 8. According to Einstein’s photoelectric equation, 

*max = hv - W 0 = y - W„ 

Where /f max = maximum kinetic energy of 
photoelectrons emitted and w 0 is the work function. 
Since I is proportional to /f max , it follows that I is 
proportional to 1/A. So the correct choice is (c). 

h 

19. From A = , it follows that if & is doubled, A 

becomes — r = . So the correct choice is (c). 
v 2 
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ATOMS AND NUC1 


REVIEW OF BASIC CONCEPTS 


1. Rutherford's a-particle Scattering 
Experiment 

A beam of fast a-particles was made to fall on a thin metal 
foil. Rutherford observed that most of the a-particles 
passed through the foil without any appreciable deflection. 
The distance of the closest approach of an a-particle is 
given by 


2Ze‘ 


>'o = 


4 ne ( 


1 2 • ...... ^ 

where E k = — mv is the initial kinetic energy ol particle 

and Z is the atomic number of the nucleus. The impact 
parameter is given by 


b = 


1 2 ZeT cot (0/2) 


4K£ 0 


where 0 is the scattering angle. 

2. Rutherford's Model of Atom 

The observations of the alpha particle scattering 
experiments led Rutherford to suggest the following 
model of atom. 

(i) An atom has a small central core called the nucleus 
where almost the entire mass and all the positive 
charge of the atom is concentrated. The size of the 
nucleus is about 10 14 m. 

(ii) The remaining part of the atom contains electrons 
which revolve round the nucleus in various orbits. 
The size of the atom is about 10 10 m. 

(iii) The atom as a whole is electrically neutral; the total 
negative charge of the electrons surrounding the 


Chapter 


nucleus is equal to the total positive charge of the 
nucleus. 


3. Bohr's Theory of Hydrogen Like Atom 

(a) Bohr’s quantization condition: The magnitude of 
angular momentum of the electron in a circular orbit 
is 


L 


nh 

2k 


-> mv n r n 


nh 

2k 


where m = mass of electron, r n = radius of nth circular 
orbit, v n = orbital speed of electron in the /7th orbit, 
h = Planck’s constant and n is an integer called the 
principal quantum number. 

(b) Speed of electron in /7th orbit is 


Z 

2e 0 h) n 


where Z= atomic number of atom. For hydrogen Z= 1. 

For a given atom v n —. Substituting the known 

n 

values of e, £ 0 and h we get 
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(d) Total energy of electron in nth orbit 


K.E. = Ze ; P.E. = - Ze 


4KE 0 r„ 


8x£ Q r„ 

P.E. = - 2 K.E. 

Total energy of electron in nth object is 

= K.E. + P.E. = K.E.-2 K.E. =-K.E. 


E„=~ 


Ze 


8^£ 0 r„ 


Putting the value of r , we get 


E n = 


me 


4 A 


8 elh 2 


n 


= (- 21.76 x 10 19 J) — 


n 


= (- 13.6 eV) 


n 


(e) Time period of revolution of electron in nth orbit is 

n 


2/r/;, 

T __ _ IJ_ 

1 n 

V „ 




4^h 

me' 




Z 2 


3 


= (1.51 x 10- 16 s)^- 

7j 

(0 Frequency of revolution of the electron in mh orbit 

is 2 

v„ = T = (6.6 x \o' 5 Hz)C 
T n n 

(g) Wavelength of emitted radiation: when an electron 
jumps from a higher energy state n = n 2 to a lower 
state n = /?,, a photon of energy hv of radiation is 
emitted. 

hv = - E. 


he _ 

f 

me 4 ^ 

7 2 

f 1 

1 ^ 

T ~ 

K 

8e 0 2 // 2 J 

A 

U 2 ' 

■«1 2 J 


A 


- =R h Z 2 
A H 


( me 4 > 

7 2 

r i 

1 ] 


z, 

U, 2 ' 

~»l) 


A I I ' 


ft i n 


\ n \ 


2 / 


where R H = 


me 


8^/7 3 c 
R ydberg constant. 


= 1.097 x 10 7 m -1 is called 


(h) Main Series of Hydrogen Spectrum (Z = 1) 

(1) Lyman series: n x = 1, /? 2 = 2, 3, 4, ... oo 


1=/? 

A 


H 


1 1 


1 


n 


2 J 


Amin = 91.2 nm, A max = 121.6 nm 

Spectral lines in Lyman series lie in the ultraviolet 
region. 

(2) Baimer series: n { = 2, /? 2 = 3, 4, 5, ... °° 


i =s 


H 


2 T 


1 


v ^ ,7 2 y 

A m in = 364.5 nm, A max = 656.1 nm 

Spectral lines in Balmer series lie in the visible 
region. 

(3) Paschen series: n x =3, n 2 = 4, 5, 6,... 


j - r " 


1 


1 


v f h y 

Am^ = 820.1 nm, A max = 1874.6 nm 

Spectral lines in Paschen scries lie in the infra¬ 
red region. 

(4) Brackett series: n { = 4, n 2 = 5, 6. 7, ... 


1=7? 

A 


H 


1 


1 


4 2 n\ j 


^min = 1458 nm, A max = 4050 nm 

These spectral lines also lie in the far infrared 
region. 

(i) The energy of electron in hydrogen atom in the 
ground state is - 13.6 eV. 

(j) The ionization potential of hydrogen atom in the 
ground state is 13.6 V. Ionization potential of a 


hydrogen like atom in nth state = 


I3.6Z' 


volt. 


n 


EXAMPLE 1 The energy required to excite a 
hydrogen atom from n = 1 to n = 2 energy state 10.2 eV. 
What is the wavelength of the radiation emitted by the 
atom when it goes back to its ground state? 

® SOLUTION Given E 2 - E ] = 10.2 eV = 10.2 x 
(1.6 x 10 l9 )J. 

Therefore, frequency the emitted radiation is 

E 2 - £, 
v = - 


h 


and wavelength is 


A = - = 
v 


ch 


e 2 e x 
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sQ EXAMPLE 12 A light of wavelength 91.5 nm is 
incident on a hydrogen atom in the second excited state. 
Find the kinetic energy (in eV) of the electron that is 
removed from the atom. 


SOLUTION Energy of the hydrogen atom in the 
second excited state (n = 3) is 



13.6 

3 2 


= -1.5 eV 


Thus 1.5 eV of energy is needed to ionize a hydrogen atom 
in the second excited state. Now energy of a photon of 
A = 91.5 nm = 91.5 x 10 9 m is 


he _ (6.63 x 10~ 34 ) x (3 x 10 s ) 

A ~~ (91.5 x 10 -9 ) x (1.6 x 10~ 19 ) 


= 13.6 eV 

Therefore, the kinetic energy of the ejected electron 
= E-E 3 = 13.6- 1.5 = 12.1 eV. 


4. Composition of the Nucleus 

The nucleus of an atom contains protons and neutrons 
which are collectively called nucleons. The total number 
of nucleons is called the mass number and its denoted by 
A. The number of protons in a nucleus is called its atomic 
number Z. The number of neutrons is denoted by V, so that 

A =Z + N 


5. The Atomic Nucleus 

The radius R of a nucleus of mass number A is given by 
the relation 

R = R 0 A 1/3 

where R 0 is a quantity which varies slightly from one 
nucleus to another. 


6. Mass Defect and Binding Energy 

The mass of a nucleus which contains Z protons and 
(A - Z) neutrons is always less than the sum of the masses 
of these particles in the free state. The difference is called 
the mass defect of the given nucleus and is given by 

Am = Z m p + (A - Z) m n - m 

where m = mass of the nucleus, m p = mass of a proton and 
m n = mass of a neutron. The binding energy of the nucleus 
is given by 

B E = (A m)c 2 = [Z m p + (A - Z) m n - m\c~ 
where c is the speed of light in free space. Since A is the 
total number of nucleons, 

\Z m + (A - Z) m - m\c 2 

BE per nucleon = 

A 


7. Nuclear Fission 

The splitting of a heavy nucleus into two or more fragments 
of moderate and comparable sizes is called nuclear fission. 
The fission of uranium-235 is represented by the reaction. 

23 9 5 2 U-> 'Ij.Ba + 92 6 Kr + 3^n + energy 

The energy released per fission is about 200 MeV which 
is much more than the energy released in the usual nuclear 
reactions. This makes the fission reaction a particularly 
suitable source of energy. 

The fission reaction given above has a unique feature. 
Apart from the fission fragments, the reaction results in the 
release of 2 to 3 neutrons—the very particles that initiated 
the reaction. So fission after fission, the neutrons present 
in a bulk sample of uranium increase in geometric ratio. 

The rate of energy release also increases similarly 
in a geometric ratio. The fission reaction is thus a self 
sustaining chain reaction . 

When the number of neutrons released per fission is 
limited to one per fission by absorption of excess neutrons, 
the chain reaction is a controlled one and is used in nuclear 
reactors. When there is no such control on the number of 
released neutrons, we have an uncontrolled chain reaction 
and this is the source of energy in the atom bomb. 

An essential part of a controlled fission reaction is 
known as the moderator. The role of the moderator is to 
slow down the neutrons released in fissions so that they 
may be easily absorbed by another 2 l pU nucleus. Media 
which contain nuclei of masses comparable to the neutron 
are found to act as efficient moderators. 

8. Nuclear Fusion 

The process of nuclear fusion consists in the ‘combination' 
of two light nuclei to form a stable nucleus of mass less than 
the total initial mass. It is believed to be the main source 
of energy for the sun and the stars. The fusion reaction in 
stars is believed to occur either via the proton-proton cycle 
or the carbon-cycle. The proton-proton cycle is as follows: 

}H + 1 ,H-> 2 H + e + + v 

|H + ~H- > jHe + v 

jHe + 3 2 He-» jHe + |H + ',H 

The energy released in this sequence works out to be 
24.7 MeV. 

Nuc lear fusion occurs at very high temperatures of about 
10 K and under extremely high pressures. 

9. Radioactivity 

The phenomenon of self-emission of radiations from a 
nucleus is called radioactivity and substances which emit 
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38. What is particle x in the following nuclear reaction? 

4 Be + ^He-> n b C+x 

(a) electron (b) proton 

(c) neutron (d) photon 

39. When aluminium is bombarded with fast neutrons, 
it changes into sodium with emission of particle x 
according to the equation 

2 2 A1 + J,n -» ] 4 i Na + x 

What is .v? 

(a) electron (b) proton 

(c) neutron (d) alpha-particle 

40. Which one of the following nuclear reactions is NOT 
possible? 

(a) l2 C+ 12 C-» 20 0 Nc + 4 Hc 

(b) 4 Bc + Jh -> jLi + 2 Hc 

(c) 'jBc + 'jH —> 4 Be + 4 He 

(d) jLi + 2 He —> ',H + '°B 

41. In the equation 

nAl + 2 He —> + X, 

The correct symbol for X is 

(a)_°,e (b) }H 

(c) 4 He (d) ‘on 

42. A deuterium nucleus *;H combines with a tritium 
nucleus to form a heavier helium nucleus 2 He 
with the release of a neutron (J } n). The fusion reaction 
is represented by the equation 

+ 3 jH —> 2 He + ] 0 n 

In this reaction, the mass of 2 He + mass of ] } n is 

(a) less than the mass of |H + mass of \\\ 

(b) greater than the mass of ]H + mass of ,H 

(c) the same as the mass of \H + mass of ]1 I 

(d) twice the mass of ,H + mass of ,H 

43. The fusion reaction between deuterium and tritium 
takes places 

(a) when the temperature is near absolute zero 

(b) at ordinary temperature and pressure 

(c) at low temperature and low pressure 

(d) at very high temperature and high pressure. 

44. Choose the WRONG statement. A thermonuclear 
fusion reactor is better than a fission reactor for the 
following reasons: 

(a) For the same mass of substances involved, a fu¬ 
sion reaction releases much more energy than a 
fission reaction 

(b) A fusion reaction can be much more easily con¬ 
trolled than a fission reaction 


(c) A fusion reaction produces almost no radioac¬ 
tive waste 

(d) The fuel required for fusion is readily available 
in abundance from sea-water. 

45. Which of the following particles can be added to the 
nucleus of an atom without changing its chemical 
properties? 

(a) Electrons (b) Protons 

(c) Neutrons (d) Alpha particles 

46. The kinetic energy of a 300 K thermal neutron is 

(a) 300 eV (b) 300 MeV 

(c) 0.026 eV (d) 0.026 MeV 

47. The energy released by the fission of one uranium 
atom is 200 MeV. The number of fissions per second 
required to produce 3.2 W of power is 

(a) 10 7 (b) 10 10 

(c) 10 15 (d) 10“ 

48. What is the energy released in the fission reaction 

236rr U7 y , 117y , 7 I 

92 U 46 A + 46 Y + 1 0 n 

given that the binding energy per nucleon of X and 
Y is 8.5 MeV and that of 23 9 6 2 U is 7.6 MeV? 

(a) 20 MeV (b) 180 MeV 

(c) 200 MeV (d) 2000 MeV 

49. The binding energy of dcuteron (*jH) is 1.15 MeV 

A 

per nucleon and an alpha particle ( 2 He) has a binding 
energy of 7.1 MeV per nucleon. Then in the reaction 
2 H + 2 jH 2 Hc + Q 
the energy Q released is 
(a) 1 MeV (b) 11.9 MeV 

(c) 23.8 MeV (d) 931 MeV 

50. If M is the mass of a nucleus and A its atomic mass, 
then the packing fraction is 


(a) 

M - A 

(b) 

M - A 

M + A 

M 

(c) 

M -A 

(d) 

M + A 

A 

M - A 


51. Fusion reaction occurs at temperatures of the order 
of 

(a) 10 3 K (b) 10 7 K 

(c) 10 K. (d) 10 4 K 

52. What is the main source of energy of the sun? 

(a) Gravitational energy liberated during the slow 
contraction of the sun 

(b) Combustion of pure carbon present in the sun 

(c) Nuclear fission of heavier unstable elements in 
the sun 

(d) Nuclear fusion of lighter elements in the sun. 
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53. What is the rest mass energy of an electron? 

(a) 1 eV (b) 0.51 MeV 

(c) 931 MeV (d) none of these 

54. The radiations emitted from a radioactive material 
separate into three distinct groups A y B and C when a 
magnetic field is directed into the plane of the paper. 
The names of radiations A , B and C, respectively, are 
(sec Fig. 19.2) 

(a) a, fi and y (b) a, yand fi 

(c) /J, a and y (d) y, a and [i 

Magnetic field 
(into the page) 


B 



x 


x 


t 

X 


X 

* X 

C 


X 


Radioactive 

sample 


Fig. 19.2 

55. Out of the following, which are NOT emitted by a 
radioactive substance? 

(a) Electrons 

(b) Electromagnetic radiations 

(c) Helium nuclei with a charge equal to that of 
two protons 

(d) Neutrons 

56. After two hours 1/16th of the initial amount of a 
certain radioactive isotope remains undecayed. The 
half life of the isotope is 

(a) 15 min (b) 30 min 

(c) 45 min (d) 1 hour 

57. The half life of a certain radio isotope is 10 minutes. 
The number of radioactive nuclei at a given instant 

o 

of time is 10'. Then the number of radioactive nuclei 
left 5 minutes later would be 


(a) 


10 } 


(b) nr 


(c) V2 x 10 7 


(d) 


10 s 

VT 


58. The half life of Pa - 218 is 3 minutes. What mass 
of a 16 g sample of Pa - 218 will remain after 15 
minutes? 


(a) 3.2 g 

(c) 1.6 g 


(b) 2.0 g 
(d) 0.5 g 


59. The radioactivity of a sample is A' at a time /, and Y 
at a time / 2 . If the mean life of the specimen is r, the 
number of atoms that have disintegrated in the time 
interval (t 2 - /,) is 

(a) Xt x - Yt 2 (b) X- Y 

(c) (X- Y)/t (d) (X- Y) t 

60. Radio carbon dating is done by estimating in the 
specimen 

(a) the amount of ordinary carbon still present 

(b) the amount of radio carbon still present 

(c) the ratio of the amounts of 6 C to 6 C still pre¬ 
sent 

(d) none of the above. 

61. A freshly prepared radioactive source of half life 
2 h emits radiation of intensity which is 64 times 
the permissible safe level. The minimum time after 
which it would be possible to work safely with this 
source is 

(a) 6 h (b) 12 h 

(c) 24 h (d) 128 h 

62. During a negative beta decay: 

(a) an atomic electron is ejected 

(b) an electron which is already present within the 
nucleus is ejected 

(c) a neutron in the nucleus decays emitting an 
electron 

(d) a part of the binding energy of the nucleus is 
converted into an electron. 

63. The decay constant of a radioactive sample is 
A. The half-life and mean-life of the sample are 
(respectively) given by: 

(a) I/A and (In 2)/A (b) (In 2)/A and 1/A 

(c) 1/A and A (In 2) (d) A (In 2) and 1/A 

64. The ionising power and the penetration range of 
radioactive radiations increase in the order 

(a) y, j8, a and y, /3, a respectively 

(b) y, /?, a and a, /?, y respectively 

(c) a. fi, y and a, fi , y respectively 

(d) a, /?. yand y fi, a respectively 

65. A radioactive element X has atomic number Z and 
atomic mass number A. It decays by the emission of 
an alpha particle and a gamma ray. The new element 
is 


(a) t-\Y 


(b) z~-,Y 


(c) 


A + 1 


z 1 z + 2 


(d) 


A + 4 


66. The radioactive decay of uranium into thorium is 
represented by the equation 


238 92 U -> 23 ^Th + Jt 
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(a) — E 
51 


(c) 52 E 


(b) — E 
52 


(d) E 


82. A 1 MeV positron and a 1 McV electron meet each 
moving in opposite directions. They annihilate each 
other by emitting two photons. If the rest mass energy 
of an electron is 0.51 McV, the wavelength of each 
photon is 

(a) 5.1 x 10“ 3 A (b) 10.2 x 10“ 3 A 

(c) 8.2x10 3 A (d) 6.2 x 1(T 3 A 

83. A gamma ray photon creates an electron-positron 
pair. If the total kinetic energy of the electron- 
positron pair is 0.78 MeV, the energy of the gamma 
ray photon is (given the rest mass energy of electron 
= 0.51 MeV) 

(a) 0.27 MeV (b) 0.78 MeV 

(c) 1.29 MeV (d) 1.80 MeV 

84. The binding energies per nucleon for ,H and 2 He 
respectively are 1.1 McV and 7.1 MeV. The energy 
released (in MeV) when two 2 |H nuclei fuse to form 
jjHe is 

(a) 4.4 (b) 8.2 

(c) 24 (d) 28.4 

85. The transition from state n = 4 to n = 3 in a hydrogen 
like atom results in ultraviolet radiation. Infrared 
radiation will be obtained in the transition 

(a) 2 —> 1 (b) 3 —> 2 

(c) 4 -> 2 (d) 5 4 

86. The half-life of a substance is 20 minutes. What is the 

time interval between 33% decay and 67% decay? 

(a) 40 min (b) 20 min 

(c) 30 min (d) 25 min 

87. The mass number of a nucleus is 

(a) always less than its atomic number 

(b) always more than its atomic number 

(c) always equal to its atomic number 

(d) sometimes more and sometimes equal to its 
atomic number. 

88. An a-particle of energy 5 McV is scattered through 
180° by a fixed uranium nucleus. The distance of 
closest approach is of the order of 

(a) 1 A (b) 10“ lo cm 

(c) 1(T 12 cm (d) 10~ 15 cm 

89. A star initially has 10 40 dcutcrons. It produces energy 
via the processes 


2 H + 2 H-> 3 |H+/? 

and 2 H + ,H-> 4 2 He + « 

where the masses of the nuclei are : w^H) = 2.014 u, 
m(p) = 1.007 u, m(n) = 1.008 u and m ( 4 I Ic) - 4.001 u. 
If the average power radiated by the star is 10 16 W, 
the deuteron supply of the star is exhausted in a time 
of the order of 

(a) 10 6 s (b) 10 8 s 

(c) 10 12 s (d) 10 16 s 

90. Fast neutrons can easily be slowed down by 

(a) the use of lead shielding 

(b) passing them through water 

(c) elastic collisions with heavy nuclei 

(d) applying a strong electric field 

91. Masses of two isobars 2 yCu and ^Zn are 63.9298 u 
and 63.9292 u respectively. It can be concluded from 
these data that 

(a) both the isobars are stable 

(b) 64 Zn is radioactive, decaying to 64 Cu through 
/3- decay 

(c) 64 Cu is radioactive, decaying to 64 Zn through 
y-decay 

(d) 64 Cu is radioactive, decaying to 64 Zn through 
/3-decay. 

92. The half-life of 121 1 is 8 days. Given a sample of m I 
at time t = 0, we can assert that 

(a) no nucleus will decay before /= 4 days 

(b) no nucleus will decay before t = 8 days 

(c) all nuclei will decay before /= 16 days 

(d) a given nucleus may decay any time after t = 0. 

93. The order of magnitude of density of uranium 
nucleus is, (m f) = 1.67 x 10 27 kg) 

(a) 10 20 kgm’ 3 (b) l() 17 kgm’ 3 

(c) 10 14 kg m -3 (d) 10 11 kg m -3 

•y'y 

94. “Nc nucleus, after absorbing energy, decays into two 
a-particles and an unknown nucleus. The unknown 
nucleus is 

(a) nitrogen (b) carbon 

(c) boron (d) oxygen 

95. Binding energy per nucleon versus mass number 
curve for nuclei is shown in Fig. 19.3. W y X, Y and Z 
arc four nuclei indicated on the curve. The process 
that would release energy is 

(a) T->2Z (b) IV-+X+Z 

(c) W->2Y (d) X-> Y+Z 
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(a) 22 (b) 44 

(C) ] -y (d) 113 

107. At a given instant there are 25% undecayed 
radioactive nuclei in a sample. After 69.3 s, the 
number of undccaycd nuclei reduces to 12.5%. The 
mean life of the sample is 

(a) 1 s (b) 10 s 

(c)100s (d) 1000 s 

108. In 0- 107 above, the time in which the number of 
undecayed nuclei will further reduce to 6.25% of the 
reduced number will be 


(a) 6.93 s (b) 69.3 s 

(c) 693 s (d) 277.2 s 

109. 16 g of radioactive radon is kept in a container. I low 
much radon will disintegrate in 19 days? Half life of 
radon is 3.8 days. 

(a) 0.5 g (b) 5.5 g 

(c) 10.5 g (d) 15.5 g 

110. The half life of a radioactive substance is 30 days. The 
time taken for 3/4 of its original mass to disintegrate 
is 

(a) 45 days (b) 60 days 

(c) 75 days (d) 90 days 

111. The activity of a radioactive element reduces to — 

16 

of its original value in 36 years. The half life of the 
element is 

(a) 6 years (b) 9 years 

(c) 12 years (d) 18 years 

112. In Q. 111 above the decay constant of the element is 


(a) 

ln(2) 


(b) 

ln(2) 


6 

per year 

9 

per year 

(c) 

ln(2) 


(d) 

ln(2) 


12 

per year 

18 

per year 


113. A radioactive substance of half life 69.3 days is 
kept in a container. The time in which 80% of the 
substance will disintegrate will be [take ln(5) = 1.61] 

(a) 1.61 days (b) 16.1 days 

(c) 161 days (d) 1610 days 

114. The mass m of a uranium nucleus varies with its 
volume Kas 

(a) m yjy (b) m »= — 

(c) m V (d) m ©c V 2 


115. After 24 hours; the activity of a radioactive sample is 
2000 dps (disintegrations per second). After another 
12 hours, the activity reduces to 1000 dps. The initial 
activity of the sample in dps is 

(a) 1000 (b) 2000 

(c) 4000 (d) 8000 

116. 87 Ra undergoes radioactive decay with a half life 
of 4 days. The probability that a Ra nucleus will 
disintegrate in 8 days is 


(a) 1 



(b) 

(d) 


2 

3 

4 


117. The half life of a radioactive sample is 6.93 days. 
After how many days will only one-twentieth of the 
sample be left over? Take log e (20) = 3.0. 

(a) 20 days (b) 27 days 

(c) 30 days (d) 35 days 


fcif 

Answers 

1. (c) 

2. (c) 

5. (d) 

6. (b) 

9. (c) 

10. (a) 

13. (b) 

14. (a) 

17. (c) 

18. (c) 

21. (a) 

22. (b) 

25. (c) 

26. (c) 

29. (b) 

30. (b) 

33. (a) 

34. (a) 

37. (d) 

38. (c) 

41. (d) 

42. (a) 

45. (c) 

46. (c) 

49. (c) 

50. (c) 

53. (b) 

54. (b) 

57. (d) 

58. (d) 

61. (b) 

62. (c) 

65. (b) 

66. (c) 

69. (d) 

70. (d) 

73. (d) 

74. (c) 

77. (a) 

78. (d) 

81. (a) 

82. (c) 


3. (d) 

4. (a) 

7. (d) 

8. (b) 

11. (d) 

12. (b) 

15. (b) 

16. (d) 

19. (b) 

20. (c) 

23. (a) 

24. (a) 

27. (c) 

28. (c) 

31. (a) 

32. (b) 

35. (d) 

36. (b) 

39. (d) 

40. (c) 

43. (d) 

44. (b) 

47. (d) 

48. (c) 

51. (b) 

52. (d) 

55. (d) 

56. (b) 

59. (b) 

60. (c) 

63. (b) 

64. (b) 

67. (a) 

68. (b) 

71. (a) 

72. (c) 

75. (c) 

76. (c) 

79. (b) 

80. (d) 

83. (d) 

84. (c) 
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47. Energy released = 200 MeV = 200 x 10eV = 200 x 


10° x 1.6 x 10 |g J. Therefore, the required number is 


3.2 


200 x 10 6 x 1.6x10" 19 


= 10 


ii 


48. The energy released is of the order of 
7.58 x 236 - 8.5 x (117 + 117) = 200 MeV 

49. Binding energy of "jH = 1.15 x number of nucleons = 
1.15 x 2 = 2.3 MeV. Total binding energy of reactants 
= 2.3 + 2.3 = 4.6 MeV. Binding energy of 4 He = 
7.1 x number of nucleons = 7.1 x 4 = 28.4 MeV. 
Therefore, Q = 28.4 - 4.6 = 23.8 MeV. Hence the 
correct choice is (c). 

50. The correct choice is (c). 

51. The correct choice is (b). 

52. The correct choice is (d). 

53. E = mc 2 = 9.1 x 10 31 x(3x 1() 8 ) 2 = 8.2 x 10 l4 J 


8.2 xlO -14 


k—19 


= 5.1 x 10*eV = 0.51 MeV 


1.6x10 

54. The correct choice is (b). Use Fleming’s left hand rule. 

55. The correct choice is (d). 

56. Since — = , it follows that 2 hours = 4 half lives. 

16 2 4 

2 1 

or 1 half-life = — = — hour = 30 min. Hence the 

4 2 

correct choice is (b). 

57. We have T V2 = 10 minutes. Therefore 5 minutes = — 

2 

of half-life. It follows that the number of nuclei left 
after 5 minutes will be 
1 1 


( 2 ) 


1/2 


V2 

10 8 

72 


of the original number 


Hence the correct choice is (d). 


58. Since 15 minutes = 5x3 minutes = 5 half lives, the 

number of nuclei left after 15 minutes = — = — 

2 5 32 

of the original number. Therefore, the mass of 16 g 
sample left after 15 minutes = ^ = 0.5 g. Hence the 
correct choice is (d). 

59. There were X atoms at time t = /, and we are left 
with Y atoms at time t = t 2 . Therefore, the number 
of atoms that have disintegrated in the time interval 
(t 2 - t\) is X-Y. Hence the correct choice is (b). 

60. The isotope C-14 of carbon is radioactive and its 
relative percentage gives us an estimate of the age 
of the specimen. 


61. 


62. 


63. 


64. 


65. 

66 . 

67. 

68 . 


69. 

70. 

71. 


The radioactivity of a sample decreases to 


\ 2 " ) 


in 


n half lives. Since the initial activity is 64 times the 
permissible level, it must become 1 /64th of its initial 
value. 


= — or n = 6 
64 2" 


In other words in six half-lives the activity will 
reduce itself to the permissible level. Since half-life 
is 2 hours, the total time taken = 2 X 6 h = 12 hours. 

Negative (5 decay is expressed by the equation: 

n - >p + e~ + v ; v stands for antineutrino. 

Hence the correct choice is (c). 

For a radioactive material of disintegration constant 


A, 


Half-life = T x , 2 = —r —, and 
~ 1 A 

mean-lite = r= —. 

A 


Hence the correct choice is (b). 

Out of the three radioactive radiations, the a-rays 
are the most ionising but least penetrative while the 
y-rays are the least ionising but most penetrative. 

Alpha particle has mass number 4 and atomic number 
2. Thus A decreases to A - 4 and Z decreases to Z - 2. 
Hence the correct choice is (b). 

The mass number of x must be 238 - 234 = 4 and 
atomic number of x must be 92 - 90 = 2. Hence the 
correct choice is (c). 

The charge of x is opposite to that of a proton. Hence 
x is an electron. 

In transition A Z X -> / + ,Y, the atomic (or charge) 

number increases by unity; mass number remaining 
the same. Hence an electron (^-particle) is emitted. 

In transition j + ,Y-» 1 z 4 ,K, the mass number 

decreases by 4 and charge number decreases by 1. 
Hence an a-particle is emitted. In the third transition, 
mass and charge numbers do not change. Hence a 
y-ray is emitted. Hence the correct choice is (b). 

In 30 days (i.e. 3 half lives) 1/2 3 = 1/8 of the sustance 
is left. Hence the correct choice is (d). 

The correct choice is (d). 

The count decreases by a factor of 320/40 = 8 in 90 
minutes. Now (2) 3 = 8. Hence 90 minutes = 3 half 
lives. Hence the half life of the radioactive source is 
30 minutes. 
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33 1 

Now — ~ —. Hence Eq. (iii) reduces to 
67 2 


1 


* -hVT 


which gives 1 = 


K2 


or t 2 - t\ = T = 20 min. 


T 


Hence the correct choice is (b). 

87. Mass number Z is greater than atomic number A for 
all nuclei; the single exception being the hydrogen 
nucleus for which A-Z. Hence the correct choice is 

(d). 


88. The distance of closest approach is given by 

r n = —-— — — . Here Z = 92 for uranium and 
4ke 0 E k 

E k = 5 MeV = 5 x 10 6 x 1.6 x 10 19 J. Also e = 


1.6 x 10“ 19 C and —— = 9 x 10 9 Nm 2 C" 2 . Using 

4ne 0 

these values, we get r 0 - 10 “ cm, which is choice (c). 

89. Let the mass of ,'H be x amu. Then the mass defect 
in the first process is 

(Aw), = w( 2 H) + w( 2 ,H) - w( 2 H) - m(p) 

= 2.014 + 2.014 -x - 1.007 = (3.021 -x)u 
Mass defect in the second process will be 
(A/w) 2 = m( 2 H) + m( ] H) - m(\H) - m(n) 

= 2.014+*-4.001 - 1.008 = (x - 2.995) u 
/. Total mass defect is 

Am = (Am)! + (Am) 2 = (3.021 -x) + ( x - 2.995) 

= 0.026 u 

Now 1 amu = 931 McV = 931 x 10 6 x 1.6 x 10 19 J. 
Hence, energy released is given by 

E =0.026x931 x 10 6 x 1.6 x 10" 19 

= 3.87 x 10~ 12 J 

Now power P = 10 16 W. Therefore, the number of 

1 o' 6 

deutrons per second is -rr = 2.58 x 10 2 

3.87 x 10" 2 

per second 


.*. Deutron supply will exhaust in 


10 


40 


2.58 xlO 27 

= 3.87 x 10 12 seconds 
Hence the correct choice is (c). 

90. The correct choice is (b). 

91. fhe atomic mass of stable Cu is smaller than that of 
Zn. Since the given mass of Cu is greater than that 
of Zn, 64 Cu will be unstable. In /J-decay, the atomic 
number is increased by one while the mass number 
remains unchanged. Thus 

64 rii /klccay 64y , o 
29 Cu ^ 30 Zn + 

Hence the correct choice is (d). 

92. A radioactive nucleus may decay any time after 
t = 0. The number of nuclei at any time t is given by 


N= N 0 e A> , where X = 


0.693 

T 


where T is the half-life. 


Hence the correct choice is (d). 

93. If A is the atomic number, the mass of uranium 
nucleus is 

m = (1.67x 10 ")4 kg and its volume is 


V = — K r 3 = 

3 3 


47T 


x {1.25 x 10 _,5 m/l lo ] 


l/3i3 


^ 8.2 x 10 -45 A nr 
(v r = r 0 A 1/3 ; r 0 = 1.25 x 10" 15 m) 

m _ 1.67x1 O' 27 A kg 

D ' nS i' y = K‘8.2x 10 -«W 


= 2x 10 17 kg m 


-3 


Hence the correct choice is (b). 

94. The given nuclear reaction is given by the equation 

22 0 Ne -> 4 2 He + 4 2 He + Z X 
Since the atomic number is conserved, we have 
10 =2 + 2 + Z 

or Z = 6. The carbon nucleus has atomic number 6. 
Hence the correct choice is (b). 

95. The binding energies of the reactants and the products 
in the given nuclear reactions are as follows: 


Reaction 

Reactant 

Products 

(a) 2Z 

60x8.5 = 510 MeV 

2 x30x 5.0 = 300 MeV 

(b) W ^ X + Z 

120x 7.5 = 900 MeV 

(90 x 8.0 + 30 x 5.0) = 870 MeV 

(c) W -> 2Y 

120x 7.5 = 900 MeV 

2 x 60x 8.5 = 1020 MeV 

(d) X -> Y + Z 

90 x 8.0 = 720 MeV 

(60 x 8.5 + 30 x 5.0) = 660 MeV 
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The binding energy of the products in reaction (c) is 
greater than that of the reactant. Hence reaction (c) 
releases energy. 


96. N x = N 0 e x '\ N 2 = e k2> . Therefore 


N 2 



= e ~ (- * 2 )' = e ~( 10A- A)/ _ e -9h 


Given, —- =e '. Hence — 9Xt = — 1 ort= —.Thus 
N 2 9X 

the correct choice is (d). 

97. Beta particle is an electron which is emitted from a 
nucleus when a neutron decays into a proton and an 
electron within a nucleus. Hence the correct choice 
is (c). 

98. For each species, the number of radioactive nuclei 
decreases exponentially with time. Hence, for both 
the species taken together, the total number of 
radioactive nuclei will decrease exponentially with 
time. This is best represented in plot (d). 


99. Since — = — 7 , it follows that the time taken for the 
16 2 4 

radioactivity to decay to — th of its initial value = 

four times the half-life of the sample = 4 t x/2 = 4 x 100 ps 
= 400 ps. Thus, the correct choice is (a). 


100. During the emission of a gamma radiation, both the 
mass number and atomic number remain the same. 
Hence the correct choice is (c). 

. (momentum ) 2 

101. Kinetic energy = - 

2 x mass 


Mass number of a-particle (m) = 4 units. Mass 
number of daughter nucleus (M) = 220 - 4 = 216 
units. If P and p denote the momenta of the daughter 
nucleus and the a-particle respectively, then 




2 M 



Since momentum is conserved, P = p. Hence 


Now 


or 




1 


1 A 


- 1 - 

M m 


P 


2 m 


f 


— +1 
M 


2 

= KL of a-particle = E a . Thus, 
2m 


r 


Q =E a 


m + M N 

j 


M 


= QM _ 5.5 MeV x 216 
a (m + M) 


(4 + 216) 
= 5.4 MeV 

Hence the correct choice is (b). 


102. Let m , and m 2 be the atomic masses of the fragments 
and v x and v 2 their velocities. From the principal of 
conservation of linear momentum, we have 


m x v x + m 2 v 2 = 0 or 


m 


1 _ 


m 


v , 


V* 


1 

8 


Now m x = A 0 (/?])' " and m 2 = A 0 (R 2 ) ] 3 . Hence 


!!!l 

m 2 


\ E 2 J 


1/3 


or 


\_ 

8 


^^ 1/3 

\ E 2J 


or 


^L = I 

R, 2 


Thus, the correct choice is (a). 

103. Let A , and A 2 be the mass numbers of the two nuclear 
parts. Their radii are given by 

=R 0 (A l ) m andR 2 = R 0 (A 2 ) m 
Dividing, we get 


A 

*2 


U 2 ) 


1/3 


or 



'V 3 

\ R 2J 



\_ 

8 


Hence the ratio of their masses is 


m x _ 1 
m 2 8 

From the principle of conservation of momentum, 
the magnitude of/;, = magnitude of p 2 or /?/, v x = m 2 v 2 , 
which gives 

— = — = -, which is choice (a). 
v 2 1 


104. 6.25% = 


6.25 


1 


I 


. Hence 4 hours arc 


100 16 ( 2) 4 
equal to 4 half lives. Therefore, the half life of the 

substance is 1 hour, which is choice (a). The decay 
ln( 2 ) 


constant = 


half life 


(c). 


Mean life = 


= ln( 2 ) per hour, which is choice 


1 


decay constant 


1 


ln( 2 ) 


hour = 


1 


0.693 


hour 


Hence choice (b) is incorrect. 


Copyrighted material 



19.28 Complete Physics—JEE Main 


3 

Assertion-Reason Type Questions 

SECTION 


In the following questions, Statement-1 (Assertion) is 
followed by Statement-2 (Reason). Each question has the 
following four choices out of which only one choice is correct. 

(a) Statement-1 is True, Statement-2 is True, Statement-2 
is a correct explanation for Statement-1. 

(b) Statement-1 is True, Statement-2 is True; Statement-2 
is NOT a correct explanation for Statement-1. 

(c) Statement-1 is True, Statement-2 is False. 

(d) Statement-1 is False, Statement-2 is True. 

1. Statement-1 

A nucleus at rest splits into two nuclear parts having 
radii in the ratio 1 : 2. Their velocities will be in the 
ratio 8:1. 

Statement-2 

The radius of a nucleus is proportional to the cube 
root of its mass number. 

2. Statement-1 

The half life of radioactive sample is T. It will decay 

to — of its initial value in a time 872 
16 

Statement-2 

The half life of a radioactive sample is the time in 
which half of the number of nuclei decay. 

3. Statement-1 

A freshly prepared radioactive sample has a half life 
of 3 hours and emits radiation of intensity which is 
64 times the permissible safe value. The minimum 
time after which it would be safe to work with the 
sample is 18 hours. 

Statement-2 

The intensity of the radiation falls by a factor of 2 
every 3 hours. 

4. Statement-1 

Two radioactive sources A and B initially contain 
equal number of radioactive nuclei. Source A has a 
half life of 1 hour and source B has a half life of 2 
hours. At the end of 2 hours, they will have the same 
rate of disintegration. 

Statement-2 

The rate of disintegration is defined as the number of 
disintegrations taking place in the source per second. 


5. Statement-1 

The nucleus Ne absorbs energy and decays into 

two alpha particles and an unknown nucleus. The 
unknown nucleus must be carbon. 

Statement-2 

In a nuclear reaction, the atomic number is conserved. 

6. Statement-1 

The number of a and p particles emitted when 
decays into 2 g 2 Pb is 6 and 8 respectively. 

Statement-2 

In a nuclear reaction, the mass number and the atomic 
number are both conserved. 

7. Statement-1 

The radioactive decay of nucleus X to nuclei Y and 
K is represented by the equation 

z X —> z+\ Y ^K-^K 

The sequence of emitted radiations is /}, a and y. 

Statement-2 

In a nuclear reaction, the mass number and the atomic 
number arc both conserved. 

8. Statement-1 

The distance of the closest approach of an alpha 
particle fired at a nucleus with momentum p is r 0 . 
The distance of the closest approach when the alpha 
particle is fired at the same nucleus with momentum 
2p will be r 0 /2. 

Statement-2 

The distance of closest approach from a given target 
element is inversely proportional to the kinetic 
energy of the incident particle. 

9. Statement-1 

The binding energy of deuteron ( 2 jH) is 1.15 MeV 

per nucleon and an alpha particle ( 2 He) has a binding 
energy of 7.1 MeV per nucleon. Then in the reaction 

?H + ?H-* 4 2 He + 0 
the energy O released is 23.8 MeV. 

Statement-2 

Total energy is conserved in a nuclear reaction. 
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(a) T n 00 _ > r n x n2 

n 

(b) T " 08 V’ r " x ” 2 

(c) T n independent of n , r w 

(d) r, ; oc -,r oc w [2008] 

n 

26. The figure is a plot of binding energy per nucleon 
E h against the nuclear mass M\ A , B , C, D, E , F 
correspond to different nuclei. Consider four 
reactions: 



(i) A + F —> C + e (ii) C —» A + B + £ 

(iii) D + E —> F + e and (iv) F —> D + E + £, 

where £ is the energy released? In which reactions is 
e positive? 

(a) (ii) and (iv) (b) (ii) and (iii) 

(c) (i) and (iv) (d) (i) and (iii) [2009] 

27. The transition from state n = 4 to n = 3 in a hydrogen 
like atom results in ultraviolet radiation. Infrared 
radiation will be obtained from the transition from 

(a) 4 —> 2 (b) 5 —> 4 

(c) 2 -> I (d) 3 —» 2 [2009] 

Directions: Questions number 28 and 29 are based on the 
following paragraph. 

A nucleus of mass M + Am is at rest and decays into two 

M 

daughter nuclei ot equal mass — each. Speed ot light is c. 

28. The binding energy per nucleon for the parent 
nucleus is £, and that for the daughter nuclei is E 2 . 
Then 

(a) E 2 = 2E ] (b) £, > E 2 

(c) E 2 > E x (d) E x = 2E 2 [2010] 

29. The speed of daughter nuclei is 


/ \ Aw 

(a) c- 

(b) c 

\2Atn 

M + Am 

\ 

J M 

Am 

(c) c 

(d) c 

/ Am |20101 

V M 


h M + Am 


30. A radioactive nucleus (initial mass number A 
and atomic number Z) emits 3 tf-particles and 


2 positrons. The ratio of number of neutrons to that 
of protons in the final nucleus will be 


(a) 

(c) 


A-Z-S 

z-4 

A-Z- 12 
z — 4 


(b) 


A - Z-4 
z -8 


(d) A Z 4 [2010) 

z- 2 


31. The half life of a radioactive substance is 20 minutes. 
The approximate time interval (/ 2 - /Q between the 

2 

time t 2 when— of it has decayed and time /, when 

- of it had decayed is: 

(a) 14 min (b) 20 min 

(c) 28 min (d) 7 min [2011] 

32. In a hydrogen like atom electron makes trnsition 
from an energy level with quantum number n to 
another with quantum (n -1). If n »\, the frequency 
of radiation emitted is proportional to 





1 




n 


| 2012 | 


Questions 33 and 34 are based on the following 
paragraph. 

The /3-decay process, discovered around 1900, is basically 
the decay of a neutron (/?). In the laboratory, a proton (p ) 
and an electron (e~) are observed as the decay of products 
of the neutron. Therefore, considering the decay of a 
neutron as a two-body decay process, it was predicted 
theoretically that the kinetic energy of the electron should 
be a constant. But experimentally, it was observed that 
the electron kinetic energy has continuous spectrum. 
Considering a three-body decay process, i.e. n —>p + e~ + v, 
around 1930, Pauli explained the observed electron energy 
spectrum. Assuming the anti-neutrino (v) to be massless 
and possessing negligible energy, and the neutron to be 
at rest, momentum and energy conservation principles 
are applied. From this calculation, the maximum kinetic 
energy of the electron is 0.8 x 1 0 6 eV. The kinetice energy 
carried by the proton is only the recoil energy. 

33. What is maximum energy of the anti-neutrino? 

(a) Zero 

(b) Much less than 0.8 x 10 6 eV 

(c) Nearly 0.8 xi0 6 eV 

(d) Much larger than 0.8 xio 6 eV [2012] 

34. If the anti-neutrino had a mass of 3 eV/c : (where c is 
the speed of light) instead of zero mass, what should 
be the range of the kinetic energy, K , of the electron? 
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6 . Neutrinos arc emitted in /T decay. Helium nuclei 
(a particles) are emitted in a decay and electrons are 
emitted in ft decay. Protons are never emitted in a 
radioactive decay. 

3 

7. E= ~kT 

2 

3 

=> 7.7 x 10 14 = - x 1.38 x 10 23 T 

2 

=> T = 3.7 x 10 9 K. 

8 . In the question the nuclei of atoms are given. Since 
1 55 CS has the largest mass (hence the largest size) 
and the largest number of electrons = 55), the 
electrons in the outermost orbits will be far away 
from the nucleus and hence are bound to the nucleus 
by the smallest electrostatic force. Therefore, they 
will require the minimum energy to be removed from 
the nucleus. Thus the correct choice is (b). 


9. E n =— (- 13.6 cV) 
tr 

For Li 2+ , Z = 3 and for first excited state n = 2. 


El= (27 ( " 13,6 cV)= " 30,6 cV 


Hence ionization energy for the first excited state of 
Li 2+ is 30.6 eV. 

E 


10. Initial momentum p = - 

c 

Since the surface is perfectly reflecting, the final 

E 

momentum is p f = -(in the opposite direction) 

c EE 

Change in momentum = Pf — Pj =-= 


.*. Momentum imparted to the surface = — 

11. Let v 2 = v, then v { = 2v. From conservation of 
momentum 

/;?, v, + m 2 v 2 = 0 


m 2 = 2tn , 


Now 


m = — p r 


- '1 


/;? oc r \ Therefore 


if'. 


So the correct choice is (d). 

12. The nuclear reaction is 

2 ]H + 2 ,H —> 2 He + energy 

Binding energy of one deuteron nucleus = 2 x 1.1 
= 2.2 MeV 

Total binding energy of two deuterons = 2 x 2.2 = 4.4 
MeV 

Binding energy of^He = 4 x 7 = 28 MeV 
Energy released = 28 - 4.4 = 23.6 MeV 


13. r ft = 


2Ze‘ 


4 n £t 


Given E k = 5 MeV = 5 x 10 6 x 1.6 x 10 ‘ 19 J 

For uranium Z = 92. Also --= 9 x 10 9 N m 2 C 1 

47T£ 0 

and e = 1.6 x 10 19 C. Substituting these values in 
Eq. (1), we get 
r 0 =5.3 x 10 ^ 14 m 

= 5.3 x 10 12 cm = 10 " 12 cm 

14. It is clear that - of the sample is left undecayed at 

the end of 15 minutes. If n is the number of half lives 
in 15 minutes, then 

nr 1 

- = - => n = 3 

l 2 8 


n = 3 


15 min 

.*. Half life = —-— = 5 min 
15. R = R 0 (i4 ) 1/3 where R 0 is a constant. Hence 

n / . \ 1/3 . 


.*. R = - x 3.6 = 6 fermi 
3 


1 1 

16. E=Rhc —■ — 
V n \ 


'4->3 


E a ^ 2 = Rh c 


'2 —> 1 


1 

1 

3 2 

4 2 

1 

1 

2 2 

4 2 

1 

1 ' 


7 Rhc 


l 2 2 2 


9x16 

= 0.187 Rhc 

= 0.75 Rhc 


= 0.049 Rhc 
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energy per nucleon (E 2 ) of the daughter nuclei is 
greater than £,, the binding energy per nucleon of 
the parent nucleus. So the correct choice is (c). 

29. Let V] and v 2 be the velocities of the daughter 
nuclei. From conservation of momentum, we have 


0 = 


M Vx M V* 


+ 


2 2 
which gives v 2 =-V\ 

The daughter nuclei fly off in opposite directions 
with the same speed v = v x = v 2 . Initial K.E. = 0. 
Final K.E. is 


„ 1 Mv‘ 

E= -x- 

2 2 


1 M v 


Mv‘ 


H-X 

2 


Mass defect = (M + A/;?) - 
defect energy is E = A me 2 


t 


V 


M M x 

-h- 

2 2 


= A/ 77 . Mass 


M v 4 


= A mC 


v = c 


'2 Am 


M 


30. 


In positive beta decay, a proton is transformed into 
a neutron with the emission of a positron (a particle 
of mass = mass of an electron and charge = + 1.6 x 
10 19 C). Hence in this process, the mass number Z 
remains the same but proton number reduces by 1 
and neutron number increases by 1. In alpha decay, 
the mass number A reduces by 4 and atomic number 
Z reduces by 2. Hence in this process, the proton 
number decreases by 2 and neutron number also 
decreases by 2 . 

Number of protons in the parent nucleus = Z 
Number of neutrons in the parent nucleus = A - Z 

When it emits 3 alpha particles and 2 positrons, the 
proton number of the new nucleus = Z-6-2 = Z -8 
and the neutron number = A - Z - 6 + 2 = A - Z - 4. 
Hence correct choice is (2). 


31. N=N 0 c 


-At 


At time t = t x ,N = 
= N 0 e _,lt 


At time t = / 2 , N = 


Nr 


2 Nr 


. Therefore 

'.= 4 On 3) 

A 

Therefore 


2 Nr 


= N 


1 


-Xt- 




"mil 

2 ) 


A 


= A 


In 3 - In T 
2 


I 1 

= — (In 3 - In 3 + In 2) = — In 2 

A A 


If T m is the half life. 
In 2 

^ 1/2 “ 


.*. t 2 - 1 1 = T m = 20 min 


32. voc 


1 


L(/7-iy 



(2/7-1) 

0,1 n 2 {n- l ) 2 

n 1 . 

Since ri» 1, v^ — or v °c — , which is choice (c). 

77 77 3 


33. The mass of proton is very large compared to electron 
and antineutrino. So all the energy is shared by the 
electron and anti-neutrino. When the kinetic energy 
of anti-neutrino is zero, the maximum kinetic energy 
of electron is 0.8 x 10 6 eV and vice versa. Hence 
the total kinetic energy of electron + anti-neutrino is 
0.8 xio 6 eV. 

34. If the anti-neutrino has a mass m = 3 cV/c", it will 
have kinetic energy = me = 3 eV. 

Therefore, the maximum kinetic energy of the 
clectron= (0.8 x]0 6 - 3) eV, which is only slightly 
less than 0.8 xio 6 eV. The minimum kinetic energy 
of the electron is still zero. Hence correct choice 
is (d) 

35. Half life T is related to disintegration constant A as 


0.693 




0.693 

T 


0.693 

1386 


=5x1 O ' 4 



Now N = AV Al 

The fraction of nuclei disintegrated in t = 80s is 



N 0 -N = 


N 


o 


N, 


e ~X\ _ i _ -5 x 10 -4 + 80 


0 


f= 1 - e 


-0.04 


Using e ° = 1 - a for a « 1 , we have 
/= 1-(1-0.04) = 0.04 
Percentage disintegrated = 0.04 x 100 = 4% 
36. The energy of the electron in the n = 2 state is 



-13.6 eV 

4 


= -3.4 eV 


Hence energy required to remove the electron from 
77 = 2 state is 3.4 eV. 


37. The mass number of the residual nucleus = 238 -4 
= 234. From conservation of momentum ( v = recoil 
velocity of residuel nucleus) 

0 = 234d + 4w 
4/7 

u=- 

234 

Hence the correct choice is (c). 
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ELECTRONIC DEVICES 


Chapter 



REVIEW OF BASIC CONCEPTS 



1. Energy Bands in Solids 

(1) Conductors In conductors, there is no forbidden 
energy band. The valence band and the conduction bands 
overlap. Hence electrons from the valence band can 
easily pass into the conduction band. 

(2) Insulators In insulators, the valence band and the 
conduction band are separated by an energy gap E G called 
the forbidden band. An electron in a crystal lattice cannot 
have an energy which lies in this region. If E a is large, 
an applied electric field cannot give enough energy to 
an electron in the valence band to enable it to enter the 
conduction band. Hence, the valence electron will not be 
freed and no current will flow. Thus, materials having a 
large band gap are insulators. For example, in diamond 
E g « 9 eV. 

(3) Semiconductors In semiconductors, the energy gap 
E c is much smaller than insulators, typically about 1 eV. 

Hence, electrons in the valence band may acquire 
thermal energy to pass on into the conduction band. Such 
materials can, therefore, carry an electric current but not 
as easily as a conductor. They are called semiconductors. 
The best known examples arc silicon (E G » 1.17 eV) and 
germanium (E a ~ 0.74 eV). Unlike metallic conductors, 
the resistance of semiconductors decreases with increase 
in temperature. 


2. Intrinsic and Extrinsic Semiconductors 


Pure semiconductors are called intrinsic semiconductors. 
The number density (n.) of electrons in the conduction 
band is equal to the number density ( n h ) of holes in the 
valence band, i.e. 

n e = ”h = ”i 

where n { is called the intrinsic carrier concentration. 


The deliberate addition of a desirable impurity to a 
semiconductor is called doping and the impurity atoms 
added are called dopants. A doped semiconductor (i.e. a 
semiconductor with impurity atoms) is called an extrinsic 
semiconductor. 

The addition of each impurity atom makes an extra 
electron available for conduction. Since these electrons 
are not released by thermal agitation, they do not produce 
holes. Consequently, the current carries arc primarily 
electrons. Hence, such semiconductors are called n-type 
semiconductors (n stands for negative current carriers). 

The number densities of conduction band electrons (n t ) 
and the valence band holes (n h ) in a doped semiconductor 
are very different from those in pure semiconductors (in 
which n c = n h = n x \ the intrinsic concentration). From 
thermodynamical considerations, one can show that 

n e n h = n} 

In an /7-type semiconductor, the donor electrons arc 
almost all free at room temperature which means that the 
donor electrons are the main current carriers and n e = n (i , 
the donor electron number density. For most common 
doped semiconductors n d is much larger than the number 
of‘intrinsic’ conduction band electrons (/7, — n h ). Thus 

”e = n d » n h 

Hence, in n- type semiconductors, electrons are the 
majority * carriers and the holes are the minority carriers 
of current. 

In /7-type semiconductor, pentavalent impurity is 
added. When a trivalent impurity is added to intrinsic 
semiconductors such as Gc or Si, the semiconductor is 
called //-type semiconductor. The conductivity of a p- type 
semiconductor is considerably increased due to doping. In 
such semiconductors, 

n h » n e 
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and the holes are the majority carriers and the electrons 
are the minority carriers. 


3. Electrical Conductivity of Semiconductors 

When an electric field E is applied to a semiconductor, 
both electrons and holes drift in the semiconductor. Their 
mobility, which is defined as the drift speed per unit 

X) X) 

electric field, is p e = — for electrons and p h = — for 

E E 

holes, where v e and v h are the drift speeds of electrons and 
holes. The resistivity p of the semiconductor is given by 

1 

p = - 

e {n c n e + n h H h ) 

The conductivity <r(which is the reciprocal of resistivity) 
is given by 

1 

a = - = e (n e ii e + n h n h ) 

P 

4. The PN Junction 

A pn junction is formed by growing an /7-type 
semiconductor over a p-type semiconductor. It is the 
simplest semiconductor device. A small layer in the 
vicinity of the junction depleted of free charge carriers 
(electrons and holes) is called the depletion layer. The 
thickness of this layer is of the order of 1 pm (= 10 6 m). 

Some Facts about a p—n Junction 

(a) Due to difference in concentration, electrons diffuse 
from /7-side to p-side and holes diffuse from p-side 
to /7-side. 

(b) p-side attains lower potential than /7-side. 

(c) An electric field is created directed from n to p side 

(d) Due to electron-hole combination, no free charge 
carriers are left in a small region (called depletion 
layer) near the junction. 

(e) The width of the depletion layer depends on the 
nature of semiconductor, nature of doping impurity 
and temperature. 

(f) The potential barrier for a silicon p-n junction is 
0.6 V at room temperature while for a germanium 
p-n junction it is 0.3 V. 

(g) Ohm’s law is not obeyed in a p-n junction. 


(i) The electric field in the depletion layer decreas¬ 
es. 

(ii) The potential barrier is reduced. 

(iii) The width of the depletion layer is reduced. 

(iv) The p-n junction offers a low resistance. 

(b) Reverse biasing: A p-n junction is reverse biased 
if the positive terminal of the external battery is 
connected to the //-side and the negative terminal to 
the p-side. In reverse biasing 

(a) The electric field in the depletion layer increas¬ 
es. 

(b) The potential barrier is increased. 

(c) The width of the depletion layer increases. 

(d) The p-n junction offers a very high resistance; 
hence no current flows through the junction. 

6. Rectifier 


It is a device which converts an alternating voltage (or 
current) into a direct (unidirectional) voltage (or current). 


(a) For a half-wave rectifier ; 

y 

(i) average value of rectified output is F av = —, 

K 

where V 0 is the peak value of the input alternat¬ 
ing voltage. 

(ii) Average output current 7 av = — 

K 


(iii) Irms = f 


(iv) Form factor = ^ Imi = — = 1.57 

2 


av 


(v) Ripple factor = 


( I 2 

rms 

1 2 

V 'av 


1/2 


= 1.21 


J 


(vi) Output frequency = input frequency 
(b) For a full-wave rectifier, 

(i) v = ^ / = 2 -E 


7T 


K 


(iO 4ms = 


4 L 
72 


(iii) Form factor = 1.1 

(iv) Ripple factor = 0.48 

(v) Output frequency = 2 x input frequency. 


5. Biasing of a PN Junction 

(a) Forward biasing: A p-n junction is forward biased 
if the positive terminal of the external battery is 
connected to the p-side and the negative terminal to 
the / 7 -side. In forward biasing 


7. Current-Voltage Characteristics of a PN 
Junction Diode 

The current-voltage characteristic curve of a pn junction 
diode is a graph which shows the variation of the current 
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EXAMPLE 3 Name the charge carriers in (a) a 
metallic conductor, (b) an electrolyte, (c) a semiconductor 
and (d) an insulator. 

0 SOLUTION (a) free electrons, (b) positive and 
negative ions, (c) electrons and holes and (d) none. 

0 EXAMPLE 4 An //-type semiconductor is doped 
with 

(a) pentavalent atoms and the majority charge carriers 
arc holes 

(b) pentavalent atoms and the majority charge carriers 
arc electrons 

(c) trivalent atoms and the majority charge carriers are 
holes 

(d) trivalent atoms and the majority charge carriers are 
electrons. 

Q SOLUTION An /?-type semiconductor in formed 
when a pure semiconductor is doped with pentavalent at¬ 
oms. Each atom has 5 valence electrons. Four of these 
form covalent bonds and one electron is left free. Hence 
the concentration of electrons becomes much greater than 
that of the holes. Therefore, the majority charge carriers 
are electrons and holes are the minority charge carriers. So 
the correct choices are (b) and (c). 

Q EXAMPLE 5 In an unbiased p-n junction, holes 
diffuse from the /7-region to the n -region because 

(a) they are attracted by the electrons in the /7-region 

(b) the potential at the junction makes them move across 
the junction 

(c) the electric field at the junction accelerates them to 
the /7-region 

(d) the concentration of holes in the //-region is much 
higher than their concentration in the //-region. 

© SOLUTION In the //-region of a pn junction, the 
concentration of holes is higher than of the electrons, 
whereas in the //-region the concentration of electrons is 
higher than that of the holes. Therefore, when a pn junc¬ 
tion is formed, some holes from the //-region (where their 
concentration is high) will diffuse into the //-region (where 
their concentration is low) and vice versa. Hence the cor¬ 
rect choice is (d). 

0 EXAMPLE 6 The factors on which the width of the 
depletion layer in a pn junction depends are 

(a) the nature of the semiconductor 

(b) the nature of doping impurity atoms 

(c) the number of impurity atoms added for doping 

(d) the temperature 

SOLUTION All the given choices are correct. 

EXAMPLE 7 The potential barrier for germanium 
pn junction is 0.3V. If the width of the depletion layer 


is 1 micron, find the strength of the electric field at the 
junction. 

SOLUTION K* = 0.3 V,</ = 1 micron = 10 6 m 


B 

E =^L = 
l b 


03 v = 3 x 10 5 Vm 1 


1 (T 6 m 


Notice that E B is quite high. 

0 EXAMPLE 8 The current through a junction diode 
changes by 1.2 mA when the forward bias voltage is 
changed by 0.6 V. Find the dynamic resistance. 


SOLUTION R. t = 


AV 

A! 


0.6 V 


1.2x1 O' 3 A 


= 500 Q 


EXAMPLE 9 In a halfwave junction diode rectifier, 
the a.c. source of 220 V, 50 Hz is used as the input. A step- 
down transformer of turns ratio 1: 10 is used. Find the 
average output d.c. voltage across the load resistor in one 
full cycle of the input. 

SOLUTION Peak value of input voltage is 

Vi= V2 x 220 = 311 V 

Peak value of output voltage isF 0 = 311x^=31.1V 

V 31.1 

.\ Average d.c. voltage = — =- - 9.9 V 

k 3.14 

0 EXAMPLE 10 In a full wave junction diode 
rectifier, the a.c. input has an rms value of 10 V. The 
transformer used is a step-up transformer of turns ratio 
1:2. Find the average output d.c. voltage across the load 
resistor in one full cycle of the input. 

SOLUTION V/= -Jl x 10= 14.14 V 

V = 14.14 x - =28.28 V 

0 1 

* j 2F 2x28.28 

Average d.c. output = —- =- = 18 V 


K 


3.14 


EXAMPLE 11 In a half wave rectifier, the a.c. input 
source of frequency 50 Hz is used. What is the frequency 
of the output? What will be the output frequency if a full 
wave rectifier was used for the same input frequency? 

0 SOLUTION Frequency of input voltage is v=50 Hz 
Output frequency of half wave rectifier = v = 50 Hz 
Output frequency of full wave rectifier = 2v = 2 x 50 = 
100 Hz 

0 EXAMPLE 12 In Fig. 20.4, which of diodes are 
forward biased and which are reverse biased? 


■M 


AA/V 


5 V 


i 


(a) 
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The OR gate has an output 1 if input A or input B or both 
inputs A and B are 1; otherwise the output is zero. 


A B X 



(a) (b) 

Fig. 20.11 (a) Logic symbol of OR gate, (b) its truth table 

Figure 20.11 (a) is the logic symbol of the OR gate and 
Fig. 20.11 (b) is its truth table. The algebraic symbol of 
the OR function is plus (+), i.e. 

A + B =X 

which is read as A OR B equals X. The OR gate may have 
more than two inputs and, by definition, the output is 1 if 
any input is 1. 

13. The AND Gate 

It has two (or more) inputs and one output. The output X 
is 1 if input A AND input B are both binary; otherwise the 
output is 0. Figures 20.12 (a) and (b) show the symbol 
and the truth table of the AND gate respectively. The truth 
table shows that the output X is 1 only when both input 
A and input B are 1. The Boolean expression (i.e. the 
algebraic symbol) of the AND function is the same as the 
multiplication symbol of ordinary arithmetic. A dot is put 
between the variables thus 

AxB =X 

which is read as 4 A AND B equals X*. The dot in the AND 
operator is often dropped, so the statement A B=X is often 
also written as AB = X. 



Fig. 20.12 (a) Logic symbol of AND gate, (b) its truth table 

14. The NOT Gate 

A NOT gate has only one input and one output. The output 
is 1 if the input is 0 and vice versa. The logic symbol and 
the truth table for a NOT gate are shown in Figs 20.13 (a) 
and (b) respectively. The Boolean operation is represented 
as A = X which is read as ‘NOT A equals X , i.e. X is the 
negation of A. In other words, X- 0 if A = 1 and X= 1 if 
A = 0. 



(a) (b) 


Fig. 20.13 (a) Logic symbol of NOT gate, (b) its truth table 

15. The NAND Gate 

The word NAND is an abbreviation of NOT-AND. A 
NAND gate is a combination of AND and NOT gates. If 
the output of an AND gate is connected to the input of a 
NOT gate, as shown in Fig. 20.14 (a), the combined circuit 
is called a NAND gate whose logic symbol is shown in 
Fig. 20.14 (b). The Boolean expression for the NAND 

operation is _ 

AB =X 

which means that the output X here is just the negation of 
the output of the AND operation. Symbol A - B is read as 
‘A AND B negated’. 


Output of 
AND gate 



Output of NAND 
gate 

(a) 

A B X 



1 1 1 0 

(b) (c) 

Fig. 20.14 (a) Circuit of NAND gate, (b) its logic symbol, 

and (c) its truth tabic 

16. The NOR Gate 

If we connect the output of an OR gate to the input of a 
NOT gate, as shown in Fig. 20.15 (a), we get what is called 


Output of OR gate 



Output of NOR gate 

(a) 

ASX 



1 1 1 0 

(b) (c) 

Fig. 20.15 (a) Circuit of NOR gate, (b) its logic symbol, 

(c) its truth table. 
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Input A 


Input B 


Output X 


i 



i 


*1 h h *4 h 


Fig. 20.32 


i 

i 


k 


SOLUTION From the waveform for A , B and X , the 
following conclusions follow: 


Time Interval 

Input A 

Input B 

Output X 

t <t\ 

0 

0 

0 

t\<t<t 2 

1 

0 

1 

t 2 <t< / 3 

1 

1 

1 

t 3 < f K U 

0 

1 

1 

t 4 < t < t 5 

0 

0 

0 

t 5 < t < k 

1 

0 

1 

t>( 6 

1 

0 

1 

These conclusions 
truth table. 

can be summarised in 

the following 

| 

B 

X 


0 

0 

0 


1 

0 

1 


0 

1 

1 


1 

1 

1 



This is the truth table of an OR gate. 


i 

SECTION 


Multiple Choice Questions with One Correct Choice 


1. In a germanium crystal, the valence and conduction 

bands arc separated by a forbidden band of energy 

(a) 0.074 eV (b) 0.74 eV 

(c) 7.4 eV (d) 74 eV 

2 . In a silicon crystal, the valence and conduction bands 
are separated by a forbidden band of energy 

(a) 110 eV (b)lleV 

(c) 1.1 eV (d) 0.11 eV 

3. At absolute zero of temperature, the electrical 
conductivity of a pure semiconductor is 

(a) zero (b) about 10 3 (fim) _l 

(c) about 10 7 (f2m) _I (d) infinity 

4. When germanium is doped 1 part in a million with 
indium, its conductivity increases by a factor of 
about 

(a) 10 (b) 10 3 

(c) 10 5 (d) 10 6 

5. In pure silicon at 300 K the electron and hole 
concentration is each equal to 1.5 x 10 16 m \ When 
doped with indium, the hole concentration increases 
to 4.5 x 10 m 3 . What is the electron concentration 
in doped silicon? 

(a) 3 x 10 9 m -3 (b)4xl0 9 m“ 3 

(c) 5 x 10 9 m -3 (d) 6 x 10 9 m -3 

6 . A block of pure silicon at 300 K has a length of 10 cm 
and an area of 1.0 x 10 4 nr. If a battery of cmf 2 V 


is connected across it, what is the electron current? 
The mobility of electrons is 0.14 m 2 V 1 s ' and 
their number density is 1.5 x 10 16 m \ 

(a) 6.72 x 10 4 A (b) 6.72 x 10 ~ 5 A 

(c) 6.72 x 10~ 6 A (d) 6.72 x 10~ 7 A 

7. In Q. 32, what is the hole current? The mobility of 
holes is 0.05 m 2 V" 1 s" 1 . 

(a) 2.0 x 10' 7 A (b) 2.2 x 10" 7 A 

(c) 2.4 x 10" 7 A (d) 2.6 x 10" 7 A 

8 . In Q. 7 and 33, the total current in the block is 

(a) 2.4 x 10 -7 A (b) 6.72 x 10" 7 A 

(c) 4.32 x 1(T 7 A (d) 9.12 x 10~ 7 A 

9. What is the number density of donor atoms which 
must be added to a pure germanium semiconductor 
to produce an n- type semiconductor of conductivity 
6.4 Q ’em '? The mobility of electrons in /7-type 
germanium is 4 x 10 3 cm 2 V 1 s Neglect the 
contribution of holes to conductivity. 

(a) 10 16 m” 3 (b) 10 18 m~ 3 

(c) I0 20 m 3 (d) 10 22 m~ 3 

10. Suitable impurities are added to a semiconductor 
depending on its use. This is done to 

(a) increase its life 

(b) enable it to withstand higher voltages 

(c) increase its electrical conductivity 

(d) increase its electrical resistivity 
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11. The addition of a minute quantity of antimony to a 
silicon crystal makes it 

(a) a good insulator 

(b) a good conductor 

(c) a //-type semiconductor 

(d) an /7-type semiconductor 

12. To obtain an /7-type semiconductor gramanium 
crystal, it must be doped with foreign atoms whose 
valency is 

(a) 2 (b) 3 

(c) 4 (d) 5 

13. To obtain a //-type semiconductor gramanium crystal, 
it must be doped with foreign atoms whose valency 
is 

(a) 2 (b) 3 

(c) 4 (d) 5 

14. Which of the junction diodes shown in Fig. 20.33 is 
forward biased? 

-10V + 10V 


(a) each of them increases 

(b) each of them decreases 

(c) copper increases and that of germanium 
decreases 

(d) copper decreases and that of germanium 
increases. 

18. When a pn junction diode is biased in the manner 
shown in Fig. 20.34 which of the following is 
incorrect 

(a) the depletion layer gets widened compared to 
its normal unbiased thickness 

(b) the current flowing in the circuit is due to mi¬ 
nority charge carriers 

(c) the current increases only slightly with an in¬ 
crease in the applied reverse bias but shows a 
sudden sharp increase as the applied bias volt¬ 
age reaches a particular value characteristic of 
the diode 

(d) the current is due to majority charge carriers 
and increases with applied bias voltage in a 
non-linear way 

R 

i—□—N- 


R 


-15 V 


► 


+ 5 V 


* 4 - 


(b) 

R 

o -- 

+ 10 V 

I 


(d) 

Fig. 20.33 

15. The output from a full wave rectifier is 

(a) an ac voltage 

(b) a dc voltage 

(c) zero 

(d) a pulsating unidirectional voltage 

16. A half wave rectifier is being used to rectify an 
alternating voltage of frequency 50 Hz. The number 
of pulses of rectified current obtained in one second 
is 

(a) 50 (b) 25 

(c) 100 (d) 200 

17. A piece of copper and another of germanium are 
cooled from room temperature to 80 K. The resistance 
of 


(a) 

R 

o -/n/WV- 

-10 V 

X 


(c) 


H , , ( + ) 

- : —H 1 1— 1 - 

Fig. 20.34 

19. The output current / versus time ( t ) curve of a 
rectifier is shown in Fig. 20.35. The average value 
of the output current in this case is 
(a) zero (b) 7 0 /2 

(c) 21 Jk (d) I 0 



20. A full-wave rectifier is fed with ac mains of frequency 
50 Hz. What is the fundamental frequency of the 
ripple in the output current? 

(a) 25 Hz (b) 50 Hz 

(c) 75 Hz (d) 100 Hz 
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21. In a half-wave rectifier, the rms value of the ac 
component of the wave is 

(a) equal to dc value (b) more than dc value 

(c) less than dc value (d) zero 

22. In an n-p-n transistor circuit, the collector current 
is 10 mA. If 80% of the electrons emitted reach the 
collector, then 

(a) the emitter current will be 7.5 mA 

(b) the emitter current will be 12.5 mA 

(c) the base current will be 3.5 mA 

(d) the base current will be 2.0 mA 

23. In a typical transistor, the collector current is 

(a) slightly less than the emitter current 

(b) slightly more than the emitter current 

(c) equal to the emitter current 

(d) equal to the base current 

24. In a typical transistor, 

(a) the emitter current (I E ) and the collector current 
(/ c ) are a few microamperes and the base cur¬ 
rent (1 B ) is a few milliamperes 

(b) I E and I c are a few milliamperes and I B is a few 
microamperes 

(C) 4,/ c and I B are all a few milliamperes 

(d) I E , I c and I B are all a few microamperes 

25. In a transistor, the value of the base current depends 
on 

(a) base thickness only 

(b) bias voltages only 

(c) doping levels of emitter, base and collector only 

(d) All the above factors 

26. Which of the following statements is correct about 
npn and pnp transistors? 

(a) The majority current carriers in an npn transis¬ 
tor are electrons and in a pnp transistor holes 
are the majority current carriers. 

(b) The majority current carriers in an npn transis¬ 
tor are holes and in a pnp transistor electrons 
arc the majority current carriers. 

(c) The emitter-base junction and the base-collec¬ 
tor junction are both forward biased in both 
types of transistors. 

(d) The emitter-base junction is reverse biased and 
the base-collector junction is forward biased in 
both types of transistors. 

27. For useful amplifying action, which of the following 
features should a transistor have? 

(a) The emitter should be heavily doped, the collec¬ 
tor less heavily doped and the base lightly doped 

(b) The area of the base-collector junction must be 
larger than that of the emitter-base junction 


(c) The thickness of the base layer should be very 
small 

(d) all the above features 

28. In a transistor amplifier, 

(a) the power dissipated at the base-collector junc¬ 
tion is much higher than that dissipated at the 
emitter-base junction 

(b) the power dissipated at the base-collector junc¬ 
tion is much lower than that dissipated at the 
emitter-base junction 

(c) the power dissipated is the same at both the 
junctions. 

(d) there is no power dissipation at any junction. 

29. Figure 20.36 shows the circuit symbols A and B for 
transistors. 

(a) Both (A) and (B) represent npn transistors. 

(b) Both (A) and (B) represent pnp transistors 

(c) (A) represents an npn transistor and (B) a pnp 
transistor. 

(d) (A) represents a pnp transistor and (B) an npn 
transistor. 

o 

J C 

B 

O-;- 

E 

o 

(A) 

Fig. 20.36 


o 


B 


o- 


o 

(B) 


30. In a pnp transistor, the /Mype crystal acts as 

(a) emitter only 

(b) collector only 

(c) either emitter or collector 

(d) neither emitter non collector. 

31. In an npn transistor, the /Mypc crystal acts a 

(a) base only 

(b) emitter only 

(c) collector only 

(d) cither base or emitter or collector. 

32. The current gain in a common emitter transistor is 

(a) more than 1 (b) less than 1 

(c) equal to 1 (d) zero. 

33. The two current gains in a transistor are defined as 
a = I C U E and /3 = /<-//#. a typical transistor 

(a) a is slightly less than unity and p is slightly 
greater than unity 

(b) a is slightly greater than unity and is slightly 
less than unity 
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(c) a is slightly less than unity and (3 is much larger 
than unity 

(d) a is much larger than unity and /3 is slightly less 
than unity. 

34. In a transistor circuit, the collector current is 50 mA 
and the base current is 1 mA. The current gain a is 


(a) 


51_ 

50 


(b) 


49 

50 


, v 50 
(c) — 
51 


49 
(d) — 
51 


35. In a transistor circuit, the collector current is 9.8 mA 

and the base current is 10 mA. The current gain (3 is 

(a) 48 (b) 49 

(c) 50 (d) 51 

36. In an n-p-n transistor circuit, the collector current 
is 10 mA. If 90% of the electrons emitted reach the 
collector, 

(a) the emitter current will be nearly 9 mA 

(b) the emitter current will be nearly I mA 

(c) the base-current will be nearly 0.9 mA 

(d) the base current will be nearly - 1 mA 

37. If the input and output resistances in a common-base 
amplifier circuit arc 400 Q and 400 kCl respectively, 
what is the voltage amplification when the emitter 
current is 2 mA and current gain a = 0.98? 

(a) 9.8 (b) 98 

(c) 980 (d) 9800 

38. In 0- 37, the base current is 

(a) 0.01 mA (b) 0.02 mA 

(c) 0.03 mA (d) 0.04 mA 

39. In Q. 37, the collector current is 

(a) 0.04 mA (b) 1.96 mA 

(c) 2 mA (d) 2.04 mA 

40. The box in Fig. 20.37 represents an amplifier with 
an input resistance /?, = 100 Cl. It is connected to an 
ac voltage source through a resistance R = 300 Q. 
The voltage gain of the transistor is 400. If the peak- 
to-peak voltage of the input ac source is 5.0 V, the 
pcak-to-peak voltage of the output will be 


R 


v s n 



Fig. 20.37 


(a) 500 V (b) 400 V 

(c) 300 V (d) 200 V 

41. In a transistor amplifier, the two ac current gains a 
and /3 as defined as a = 8l c /81 E and /3 = SI C /SI B . The 
relation between a and [3 is 


(a) p = 


(c) P = 


1 + a 


a 


a 


(b) P = 


(d) P = 


1 -a 


a 


a 


1 -a 1 + a 

42. In a transistor, a change of 8.0 mA in the emitter 
current produces a change of 7.8 mA in the collector 
current. What change in the base current is necessary 
to produce the same change in the collector current? 

(a) 50 (lA (b) 100 nA 

(c) 150 p A (d) 200 jiA 

43. Which of the following statements is true about a 
transistor amplifier? 

(a) The emitter-base junction is forward biased and 
the collector-base junction is reverse biased. 

(b) A common emitter amplifier has a higher cur¬ 
rent gain than a common base amplifier. 

(c) A common emitter amplifier has a higher volt¬ 
age gain than a common base amplifier. 

(d) All the above statements are true. 

4 

44. In a semiconductor, it is found that — th of the total 

5 

current is carried by electrons and the remaining 

^ th by the holes. If at this temperature, the drift 

speed of electrons is 2.5 times that of holes, the ratio 
of the number densities of electrons and holes is 


<«! 

, . 25 
(c) — 
8 


(b) - 
8 


,d » i 


45. A junction diode has a resistance of 25 Cl when 
forward biased and 2500 Cl when reverse biased. The 
current in the arrangement shown in Fig. 20.38 will 


be 




(a) 

1a 

(b) 

1 A 

15 

25 

(c) 

1 A 

(d) 

1 A 

520 

480 


5 V 

ion 

0 V 


AAAAr 


Fig. 20.38 
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41. 

(c) 

42. 

(d) 

45. 

(b) 

46. 

(b) 

49. 

(a) 

50. 

(a) 

53. 

(b) 

54. 

(c) 

57. 

(b) 

58. 

(b) 

61. 

(c) 

62. 

(c) 

65. 

(c) 

66. 

(c) 

69. 

(c) 

70. 

(c) 

73. 

(b) 

74. 

(a) 

77. 

(b) 

78. 

(a) 

81. 

(a) 

82. 

(a) 

85. 

(b) 

86. 

(d) 

89. 

(b) 




43. (d) 

44. (a) 

47. (c) 

48. (b) 

51 • (b) 

52. (b) 

55. (a) 

56. (b) 

59. (b) 

60. (a) 

63. (b) 

64. (b) 

67. (c) 

68 . (a) 

71. (b) 

72. (c) 

75. (b) 

76. (b) 

79. (c) 

80. (c) 

83. (a) 

84. (b) 

87. (d) 

88 . (a) 



Solutions 


1. The correct choice is (b). 

2. The correct choice is (c). 

3. At absolute zero of temperature, the conduction 
band of semiconductors, is totally empty and all the 
energy states in the valence band are filled. Due to 
the absence of electrons in the conduction band near 
absolute zero, no current can flow under the influence 
of an electric field. Therefore, semiconductors become 
insulators at low temperatures. I fence the correct choice 
is (a). 


4. The correct choice is (b). 

5. Given n i = 1.5 x 10 16 m 3 and n h = 4.5 x 10 22 m 3 . 
Now, we know that 


or 


n e n h 
”e 


”i 




th 


_ (l.5 x 10 16 ) 2 _ 


4.5x10 


22 


= 5.0x 10 9 itT 3 


6 . Given n e = 0.14 m 2 V -1 s _l , n e = 1.5x 10 l 6 m~ 3 ,/ = 
10 cm = 0.1 m, A = 1.0 X 10 4 m 2 and V =2 volts. 
The electric field in the block is 

E — — — — =20 VnT 1 

/ 0.1 


The drift speed of electrons is 

v e = He E = 0.14 x 20 = 2.8 ms -1 

Electron current /_ is 

V- 

= rigAeVg 


= (1.5 x 10 16 ) x (1.0 x 1 O' 4 ) x (1 .6 x 10 19 )x 2.8 
= 6.72 x 10' 7 A 

7. In a pure semiconductor n e = n h = 1.5 x 10 16 m 3 . 
Given // /; = 0.05 m 2 V 1 s'. The drift speed of holes is 

v h = /J h E = 0.05 x 20 = 1.0 ms -1 

/. Hole current I h = n h Aev h 

= (1.5 x 10 16 ) x (1.0 x 10 4 ) 
x ( 1.6 x 10 “ 19 ) x 1.0 

= 2.4 x 10~ 7 A 

8 . Total current I=I e + I h = 6.72 x 10 7 + 2.4 x 10 7 = 
9.12 x 10 -7 A. 

9. Given < 7 = 6.4 Q 1 crrT 1 = 6.4 x 10 2 Q 1 m _l and 

H e = 4 x 10 3 cm 2 V -1 a 1 = 4 x 10 1 m 2 V 1 cr 

Neglecting the contribution of holes, the expression 
for a is 

a = e n e p e 

a 6.4 xlO 2 

0F en e ~ (l.6xl0’ l 9 )x(4xl0 _l ) 

= 10 22 m“ 3 

10. The correct choice is (c). 

11. Antimony is pentavalent. Hence the correct choice is 
(d). 

12. The correct choice is (d). 

13. The correct choice is (b). 

14. Choice (a) is incorrect. The /^-section is at - 15 V 
and / 7 -section at - 10 V. Since the / 7 -section is at a 
lower potential, the diode is reverse biased. Choice 
(b) is incorrect. The //-section is at a lower potential, 
therefore, the diode is reverse biased. Choice (c) is 
also incorrect. The / 7 -section is at - 10 V and the 
//-section at zero volts (earthed). Therefore, the 
diode is reversed biased. Choice (d) is correct. 
The //-section is at a higher potential than the 
//-section. 

15. The correct choice is (d). 

16. For each complete cycle of input ac, we get one pulse 
in the output (that lasts for the positive half cycle of 
the input). Since there is one pulse per input cycle, 
the pulse frequency is also 50 Hz. Hence the correct 
choice is (a). 

17. We know that the resistance of a good conductor 
decreases with decrease in temperature. On the other 
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hand the resistance of a semi-conductor increases 
as temperature decreases. Since copper is a good 
conductor, its resistance decreases as temperature 
decreases from room temperature to 80 K. On the 
other hand, germanium, being a semi-conductor, its 
resistance increases as temperature decreases. I lence 
the correct choice is (d). 

18. The given diode is in the reverse biased condition (/? 
side connected to the positive terminal of the battery) 
and for such a reverse biased diode 

(i) the depletion layer widens with an increase in 
the reverse bias 

(ii) the slight current in the circuit is due to the 
minority charge carriers-holes on the n side and 
electrons on the /7-side. 

(iii) the sudden increase in the current at a particu¬ 
lar reverse bias is associated with the zener 
breakdown. This occurs at the zener voltage 
characteristic of the diode concerned. Hence 
the incorrect choice is (d). 


28. The correct choice is (a) because then the output 
power is much greater than the input power. 

29. The correct choice is (c). 

30. The sandwiched crystal (n) acts as a base and the 
outer crystals (p ) acts as either emitter or collector. 
Thus the correct choice is (c). 

31. The correct choice is (a). 

32. I B « I c . Therefore, current gain p = — is greater 

I B 

than 1. Hence the correct choice is (a). 

33. The correct choice is (c). 

34. Current gain p = — = — = 50. Therefore, current 

gain a is ^ 1 

= P = 50 = 50 
~ TT/3 ~ 1 + 50 ~ ~5\ 

Hence the correct choice is (c). 


19. The correct choice is (c). 


20. The output of a full-wave rectifier is of the form 


/ = / 


o 


1 - cos 2 co t -cos 4 co t -... 

I 15 


35. 


Current gain a = — 
current gain P is ^ B 


— = 0.98. Therefore, 
10 



a 

1 -a 


0.98 

1-0.98 


= 49 


2 / 

where / 0 = ——. The angular frequencies of the 
K 

harmonic components of the ripple are 2 co, 4co, ... 
etc. Thus the fundamental frequency of the ripple is 
twice the frequency of the mains. Hence the correct 
choice is (d). 

21. The correct choice is (b). 

22. For a transistor : I /: = I B + I c 

We are given that I c = 80% of I E = 0.8 I E . But I c = 10 

mA. 


Therefore 


J = — = 

l E - - 


10 mA 


= 12.5 mA 


0.8 0.8 
Also I B = I E - I c = 12.5- 10 = 2.5 mA 

Hence the correct choices is (b). 

23. The correct choice is (a). 

24. The correct choice is (b). 

25. The correct choice is (d). 

26. The correct choice is (a). 

27. The correct choice is (d). 


Hence the correct choice is (b). 
36. For a transistor, I E = I B + I ( 


We are given that l c = 


90 

100 I e = 09I e 


Since I c = 10 mA, we have 


10 


Also 


I F = 10 x — mA =11.1 mA ~ 11 mA 
9 

h = I e ~ Ic 


= (11 - 10) mA - 1 mA 
Hence the correct choice is (b). 

37. Emitter current is 2 mA, input resistance is 400 Q. 
output resistance is 400 kQ = 400 x 10 1 Q, input 
voltage is 2 x 400 = 800 mV = 0.800 V and collector 
current I c = 0.98 x 2 = 1.96 mA. Output or collector 
voltage is 

(1.96 x 10" 3 ) x (400 x 10 +3 ) = 784 V 
Voltage amplification is 
784 


0.800 


= 980 
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38. Base current is 

I B = 4 (1 - a) = 2 x 0.02 mA = 0.04 mA 

39. Collector current is 

1 E -I B =2-0.04= 1.96 mA 

40. The voltage gain is Vq/V], i.e. V 0 = V t x voltage gain. 
If V s is the voltage of the source, the voltage across 
the input of the amplifier is 

= Vs^l^ ± = 5.0x100 _ 5 y 
y R; + R 100 + 300 4 

Output voltage is 

V 0 = V' x voltage gain = — x 400 = 500 V 

41. We know that / E =/ c + I B or SI E = Sl c +81 B . Dividing 
both sides by <S/ C , we get 

<5/ f , <5/„ 

£ = 1 + £ 


54 


81 , 



1 

, 1 

or 

— 

= 1 + - 


a 

P 


P 

a 

or 



1 -a 

42. <54 = 

= 8.0 x 10“ 

3 A and < 


c 


a = 


P = 


But 


SI C 

7.8 x 1(T 3 

= 0.975 

Sir. 

8.0 x 10“ 3 

a 

0.975 

= 39 

1 - a 

1 - 0.975 

8I C 

*/.• 

Therefore, 


Sl c 

_ 7.8x10" 3 


p 

39 



<54 = 


= 2x10“ 4 A = 200 pA 

43. The correct choice is (d). 

44. /7„ + /7/. el?/. = /. Given 


n e 4// 5 =4 


ev h 


1/5 


or 


. n e v h 

■ - 6 - = 4 or — = 4 — 


"h v h "h 

Hence the correct choice is (a). 


_4__8 
Z5 ~ 5 


45. The junction diode is forward biased. Therefore, the 
effective resistance = 100 + 25 = 125 Q. The current 
is 


/ = -EC = -L A 

125 0 25 

Hence the correct choice is (b). 
46. Voltage gain = ax 


Rl = 0.96 x = 80. Hence 


R 


D 


48 


the current choice is (b). 

47. The correct choice is (c). 

48. Diode D, is forward biased. Therefore, effective 
resistance is 10 O. Hence the current is 

5 V 

/ = - =0.5 A 

10Q 

Thus the correct choice is (b). 

49. In this case, diode D 2 is forward biased. Hence 

5V 


I = 


= 0.25 A 


20 0 

Thus the correct choice is (a). 

50. Diode 79, is forward biased. Therefore, capacitors C 
and 3C are in series. If V } and V 2 are potential drops 
across C and 3C respectively, then 

^ =3 or V, = 3V, 


V-, 


Given V l +V 2 = 12. Thus, 3V 2 + F,= 12 or F, = 3V 
which is the output voltage. Hence the correct choice 
is (a). 

51. Voltage drop across the resistance = 300 x 5 x 10 -> 
= 1.5 V 

Emf of cell = 1.5 + 0.4 = 1.9 V, which is choice 
(b). 

52. The maximum voltage drop across R must be 5 - 0.5 
= 4.5 V. Hence maximum value of R is 


R 


4.5 V 


4.5 V 


max 


1.5 mA 1.5 x 10 3 A 
Thus the correct choice is (b). 


= 300 Q 


53. Voltage drop across resistor = IR 
= 1.0 V. Therefore, minimum V B 
which is choice (b). 


1.5 mA x 1.5 kQ. 
1.0+ 0.5= 1.5 V 


54. *=^= 45V 


4.5 V 


= 500 Q 


I 9 mA 9 x10‘ 3 A 

Hence the correct choice is (c). 

55. P= V K I = 4.5 V x 5 x 10 3 A = 22.5x I0' 3 W = 22.5 
mW. 

Hence the correct choice is (a). 
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56. Power dissipated in diode = Voltage across diode x 
current 

= 0.5 V x 5 mA = 2.5 mW 
Hence the correct choice is (b). 

57. Given A min = 2066 nm. From Duane-Hunt law. 


Energy in eV = 


/?c x 10 


eAmin (in nm) 

_ 6.62 x 10~x 3 x 10' 

1.6 xIO" 19 x 2066x10~ 9 

= 0.6 eV, which is choice (b). 


66. An pn junction diode is formed by joining a 
//-type semiconductor to an /7-type semiconductor. 
Separately, the two semiconductors are electrically 
neutral. When they are joined, some electrons near 
the junction diffuse from the n -type into the p -type 
semiconductor, where they fill a few of the holes. 
Consequently, the /7-type is left with a positive 
charge and the //-type acquires a net negative charge. 
Therefore, a potential difference is established, with 
the /7-type at a higher potential than the //-type. 
Hence an electric field is set up at the junction and 
it is directed from the //-type side to the //-type side. 
Thus the correct choice is (c). 


58. The potential drops are equal when the resistances 
offered by the two p-n junctions are equal. In circuit 
1 the first junction diode is forward biased having 
low resistance whereas the second junction diode is 
reversed biased having a very high resistance. Hence 
V t , the potential drop across the first p-n junction is 
very low as compared to the second p-n junction. 

In circuit 2 both junctions are forward biased 
having equal low resistances whereas in circuit 3 
both junctions are reverse biased having equal high 
resistances. Hence the correct choice is (b). 

59. The correct choice is (b). 

60. The correct choice is (a). 

61. The correct choice is (c). 

62. Wavelength of incident radiation is A = 2480 nm = 
2480 x 10 9 m. Energy of incident radiation is 

= Ac _ 6.626 x 10~ 34 x 3 x 10 s 
A~ 2480 x l(r 9 


67. By definition, P = 


VI 


c 


vA/*y 




at constant V CE . Therefore, 
160 mA 


P 40 
= 4 mA, which is choice (c). 
68. Forward current ratio 


A/ c 


8.2 mA 


A I c - A I c 8.3 mA - 8.2 mA 


= 82 


Hence the correct choice is (a). 

69. A continuous time varying signal is called an 
analogue signal. A discrete signal with two discrete 
values is a binary digital signal. Hence the correct 
choice is (c). 

70. In Boolean algebra the OR operator is denoted by the 
symbol (+), i.e. 

X = A + B 


= 8.0 x 10 20 .1 


8.0 x 1Q~ 20 
1.6x 10~ 19 


cV = 0.5 cV 


63. The correct choice is (b). 

64. In the given circuit only diode will allow the 
current to pass through as it is forward-biased. 
Hence, the current through the 100 ohm resistance is 

(v resistance of D x = 50 Q) 


which is to be read as ‘X equals A OR B\ Thus X 
exists when either A exists or B exists or both A and 
B exist. Hence the correct choice is (c). 

71. In Boolean algebra the AND operator is denoted by 
the symbol (•), i.e. 

X = A B 

which is to be read as ‘X equals A AND B\ Thus X 
exists when both A and B exist and not when only A 
or only B exists. Hence the correct choice is (b). 


/ = --—=-A 

(150 + 50 + 100)0 300 

= 0.02 A 

65. The correct choice is (c). The majority carriers in 
//-type semiconductors are electrons. 


72. The NOT operator (which means negation) operates 
on only one Boolean variable to produce another 
Boolean variable which is the negation of the first 

variable. Thus if A = 1, then NOT A denoted by A 

= 0 and when A = 0, then A - 1. Hence the correct 
choice is (c). 
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73. A A = 00 = 0. Therefore AA +B=Q+B=Q+ 1 = 
1 = B. Hence the correct choice is (b). 

74. A A = 11 = 1. Therefore AA+B = 1 + £ = 1+0=1 
= A. Hence the correct choice is (a). 

75. A = 1=1. Therefore A +£=1+£=1+1=1= 
B. Hence the correct choice is (b). 

76. A = T = 0. Therefore ^ +£=0+£=0+0=0= 
B. Hence the correct choice is (b). 

77. A can be either 0 or 1. If A = 0, then A = 1. Therefore, 

A + A =0+1 = 1. If A = 1, then A = 0. Then A + A 

= 1+0=1. Hence, in both eases A + A =1. Thus 
the correct choice is (b). 

78. If A = 0, then A-A =10 = 0. If A = 1, then A A = 
10 = 0. Hence the correct choice is (a). 

79. Prove the identity A B = A + B by taking A = 1, B 
= 0 9 A=0 9 B = \ and A = B = l.Thus A B = A + B 
= A + B. Hence the correct choice is (c). 

80. Prove that AB is always equal to A + B as in Q. 79 
above. The correct choice is (c). 

81. The correct choice is (a). 

82. It is a NOR gate whose truth table is (a). 

83. The circuit is a combination of AND and NOT gates. 
The output of the NAND gate is connected to the 
input of a NOT gate. The combined circuit is called a 
NAND gate. The Boolean expression for the NAND 
operation is 


AB =X 

which means that the output X is just the negation of 
the output of the AND operation. Hence the correct 
choice is (a). 

84. This circuit is a combination of an OR gate and a 
NOT gate which gives a NOR gate. The output of an 
OR gate is connected to the input of a NOT gate. The 
Boolean expression for a NOR operation is 

X= A + B 

Hence the correct choice is (b). 

85. The correct choice is (b). 

86. The OR or the AND or the NOT gates alone cannot 
give a different gate by repeated use, i.e. two or more 
OR or AND or NOT gates do not yield a new gate. 
But the repeated use of NAND (or NOR) gates can 
give all other gates like OR, AND and NOT. Hence 
the NAND (or the NOR) gate serves as a building 
block in digital circuits. 

87. The two inputs are joined together to get one input. 
Since A = #, there is only one input and one output as 
in a NOT gate. This is how we get a NOT gate from 
a NAND gate. Hence the correct choice is (d). 

88. Using a NOT gate after a NAND gate yields an AND 
gate. Hence the correct choice is (a). 

89. If the inputs A and B arc inverted and then applied to 
a NAND gate, the output of the NAND gate will be 
the same as that of an OR gate. The input of the last 
NAND gate is A A and B B . 

Hence the correct choice is (b). 


I2J 

SECTION 


Multiple Choice Questions Based on Passage 


Questions 1 to 4 are based on the following passage. 

Passage I 

When two semiconductors of p and n types are brought 
into contact by special techniques called fused junction 
and grown junction, they form what is called a pn junction. 
A pn junction enclosed in a casing with leads coming out 
from the p and n regions is the simplest semiconductor 
device called the pn junction diode. This device conducts 
current more readily in one direction than in the other. 


Hence it can be used as a rectifier to convert an alternating 
current into a unidirectional current. When an alternating 
voltage is applied to a diode circuit, the diode will conduct 
relatively heavily when the polarity of the voltage produces 
a forward bias, but will allow only a negligible current 
when the polarity of the voltage reverses to produce 
reverse bias. As a result the current llows only during one 
half cycle to produce a dc at the output. 

1. A semiconducting device is connected in a series 
circuit with a battery and a resistance. A current is 
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+5 V 


R 

H—A/WV 

(C) 


0 +iov 



-5 V ° 


(d) 


[ 2006 ] 

17. The circuit has two oppositely connected ideal 
diodes in parallel. What is the current flowing in the 
circuit? 


(a) 2.31 A (b) 1.33 A 

(c) 1.71 A (d) 2.00 A 

4 LI 

-VWV-- 

A D i X °2 



18. If in p-n junction diode, a square input signal of 10 
V is applied as shown, then the output signal across 
R { will be 


5V 







-5V 



10V 



1-• 10V L 

_1 

(a) 


(C) 


• 



+5V 



(b) (d) 

| 2007 ] 

19. Carbon, silicon and germanium have four valence 
electrons each. At room temperature which one of 
the following statements is most appropriate? 

(a) the number of free conduction electrons is 
significant in C but small in Si and Ge. 

(b) the number of free conduction electrons is 
negligibly small in the three. 

(c) the number of free electrons for conduction is 
significant in all the three. 


(d) the number of free electrons for conduction is 
significant only in Si and Ge but small in C. 

| 2007 ] 

20. In the circuit below, A and B represent two inputs and 
C represents the output. 

The circuit represents 

(a) NAND Gate (b) OR Gate 

(c) NOR Gate (d) AND Gate 


- [>[ 

Bo-[> 



oC 


[ 2008 ] 

21. A working transistor with its three legs marked P, Q 
and R is tested using a multimeter. No conduction is 
found between P and Q. By connecting the common 
(negative) terminal of the multimeter to R and the 
other (positive) terminal to P and Q. some resistance 
is seen on the multimeter. Which of the following is 
true for the transistor? 

(a) It is an npn transistor with R as collector 

(b) It is an npn transistor with R as base 

(c) It is a pnp transistor with R as collector 

(d) It is a pnp transistor with R as emitter | 2008 | 

22. A p-n junction (D) shown in the figure can act as 
a rectifier. An alternating current source (V) is 
connected in the circuit. 

The current (/) in the resistor ( R ) can be shown by: 

D 
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27. When a pn junction diode is forward biased. 

(a) the depletion region is reduced and barrier height 
is increased 

(b) the depletion region is widened and barrier height 
is reduced 

(c) both the depletion region and barrier height are 
reduced 

(d) both the depletion region and barrier height are 

increased [ 2014 ] 

28. Two ideal junction diodes D, and D 2 are connected to 
a battery as shown in the figure. The current supplied 
by the battery is 

D i ion 

I-►^Jvvv-, 

° 2 20 a 

-W VVVv- 

(+) , (_) 

1 -I- 1 

5 V 


(b) 0.5 A 

(d) zero | 2014 ] 

Answers 


(a) 0.25 A 
(c) 0.75 A 


1. (C) 

2. (a) 

3- (b) 

4. (a) 

5. (d) 

6. (d) 

7. (b) 

8. (c) 

9. (c) 

10. (c) 

11. (c) 

12. (a) 

13. (d) 

14. (c) 

15. (d) 

16. (b) 

17. (d) 

18. (d) 

19. (d) 

20. (b) 

21. (a) 

22. (a) 

23. (c) 

24. (a) 

25. (a) 

26. (d) 

27. (c) 

28. (c) 

m 

\ ' JO 

Solutions 




1. Insulators have the maximum energy band gap. 

2. The correct answer is emitter. 

3. In a metal, the variation of resistance with temperature 
is due to change in mean collision time (called 
relaxation time). In a semiconductor, the difference 
is due to a change in charge carriers due to change 
in temperature. Thus, the most appropriate choice is 
(b). 

4. Due to reverse biasing, the width of the depletion 
layer increases and the current flowing through the 
junction is almost zero. Hence the electric field is 
almost zero in the depletion layer. 


5. 


6. 


In an amplifier, the emitter-base junction is forward 
biased and the base-collector junction is reverse 
biased. Hence electrons move from emitter to base 
and holes move from base to emitter. So the correct 
choice is (d). 


Current gain = 



1 + h oe R L 


_50_ 

1 + (25 x 10 -6 ) x (lx 10 3 ) 


= -48.78 


7. The correct choice is (b). 

8. When a pn junction is forward biased, both 
the depletion region and barrier potential are 
reduced. Hence the correct choice is (c). 


x 


(6.63 xl0“ 34 )x (3x10°) 


2480x10 
= 0.81 x 10~ 19 J 


-9 


0.81x10 


-19 




- 0.5 eV 


1.6x10 

10. In a common base amplifier, the output voltage is 
in phase with the input voltage. But in a common 
emitter amplifier, the output signal is 180° out of 
phase with the input signal. So the correct choice is 
(c). 

11 

11. Given v = 50 Hz. 1 herefore T — — = — s. For a 


full wave rectifier 


50 


100 


T 

T' = - = 

2 

1 

v' = — = 100 Hz 

r 


12. If /? ( . and n h are the concentrations (i.e. number per 
unit volume) of electrons and holes, v e and v h their 
respective drift velocities, then the currents due to 
the flow of electrons and holes are 


I e = n e eA v e (1) 

and 4 = n h eA v h (2) 

where e = electronic charge and A = cross-sectional 
area of the semiconductor. Dividing (1) by (2), we 


get 

Ve 

Vh 






\*eJ 


7 5 _ 

~ 4 1~ 


5 

4 


13. The correct answer is covalent bonding 


14. Current gain (5 = 


c 


c 


h IE " 1 

5.488 

5.60-5.488 


= 49 
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Chapter 



REVIEW OF BASIC CONCEPTS 



1. Communication 

The transfer of information from one point to another is 
called communication. 

2. Communication System 

A communication system is a setup which is used to 
transmit information from one point to another. It consists 
of a transmitter, a communication channel and a receiver. 

A transmitter converts the information or message 
into an equivalent electrical signal (which contains the 
information or message) and modifies it into a form 
suitable for communication. 

Communication channel is the medium between the 
transmitter and the receiver through which the signals 
from the transmitter travel. The medium could be free 
space, air or transmission cable. 

A receiver is a device which receives the transmitted 
signal and then converts it into a form which is intelligible 
to the person or equipment that receives it. 


4. Modulation 

The process of changing some characteristic, e.g. 
amplitude, frequency or phase of the high frequency 
carrier wave by superposing a low frequency audio signal 
on it is called modulation. 

(a) Amplitude Modulation: The process in which the 
amplitude of the high frequency carrier wave is 
changed in accordance with the amplitude of the input 
audio signal is called amplitude modulation. 

(b) Frequency Modulation: The process in which the 
amplitude of the high frequency carrier waves 
remains constant but its frequency is modified in 
accordance with the amplitude of the input audio 
signal is called frequency modulation. 

(c) Pulse Modulation: In amplitude and frequency 
modulation, the carrier wave is a sinusoidal wave. 
In pulse modulation, the carrier wave is in the 
form of pulses. Pulse modulation is used in digital 
communication where the input signal is discrete 
(i.e. discontinuous). 

5. Demodulation 


3. Analog and Digital Communication Systems 

In an analog communication system, the message or 
information is in the form of an analog signal (voltage 
or current) which varies sinusoidally in a smooth and 
continuous fashion or in the form of pulses. Examples arc 
telephony, telegraphy, radio and television broadcasting, 
radar and telex. 

In a digital communication system, the message or 
information is in the form of a digital signal which is 
discrete (i.e. discontinuous) having values of voltage or 
current represented by ± 0, ± 1, ± 2, ... etc. Examples are 
fax, e-mail, mobile phone, communication satellites and 
teleconferencing. 


The process of recovering the original low frequency 
audio signal from the high frequency modulated carrier 
wave is called demodulation. Demodulation is carried out 
by a radio receiver. 

6. Modulation Index, Side Band Frequencies 
and Bandwidth of Amplitude Modulated 
Wave 

When a low frequency signal (called modulating wave) 
is superposed on a high frequency electromagnetic wave 
(called carrier wave) in such a way that the frequency 
of the modulated wave is the same as that of the carrier 
wave but the amplitude is changed, the process is called 
amplitude modulation. 
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Modulation Index 

The modulation index m a of the modulated waves is 
defined as 


where E m = amplitude of modulating wave 
and E c = amplitude of carrier wave 


Side Band Frequncies 

The amplitude modulated wave can be regarded as a 
superposition of three waves of frequencies v c , ( v c - v m ) 
and (v r + v,,,) where v ( is the frequency of the carrier wave 
and v m is the frequency of the modulating wave. Frequency 
(v c - v m ) is called the lower side band frequency (LSB) and 
frequency (v t . + v m ) is called the upper side band frequency 
(USB). 

Bandwidth 

The bandwidth of an amplitude modulated wave is defined 
as 

= v USB - v LSB 
= (v c +vj-(v,-vj 


= 2v 


m 


i.c. Bandwidth = twice the frequency of the modulating 
wave 

© EXAMPLE 1 A message signal of 12 kHz and 
peak voltage 20 V is used to modulate a carrier wave 
of frequency 12 MHz and peak voltage 30 V. Calculate 

(a) modulation index, (b) side band frequencies and (c) 
bandwidth of the modulated wave. 


SOLUTION Given E m = 20 V, E c = 30 V, v c = 12 


MHz 

and 


v = 12 kHz= 12 x 10 3 Hz = 0.012 MHz 


m 


F 20 

(a) m a = = — = 0.67 

* E c 30 

(b) Side band frequencies 


= v 4- v 

c m 


= (12 ± 0.012) MHz 
= 12.012 MHz and 11.988 MHz 

(c) Bandwidth = 2 v. = 2 X 12 kHz = 24 kHz 


7. Space Communication 

The transmission of information through space as 
communication channel is space communication. 
Radio, television and satellite transmissions use space 
communication. The various modes of space propagation 
arc 


(i) ground or surface wave propagation, 

(ii) sky wave propagation, 

(iii) space wave propagation, and 

(iv) satellite communication 

8. Ground or Surface Wave Propagation 

The radio waves which travel along the surface of the earth 
from the transmitter to the receiver arc called ground or 
surface waves. The transmission of information through 
radiowaves is called ground or surface wave propagation 
(or communication). 

In ground wave transmission, the intensity of the radio 
signal falls as it travels due to absorption by the ground 
and also by the gases in the atmosphere. As a result, the 
signals become weak and after travelling some distance, 
they die out. Due to this, the ground wave transmission is 
not suitable for long distance communication. 

9. Sky Wave Propagation 

Radiowaves, which are directed towards the sky from a 
transmitter at a certain location on the earth and are reflected 
back from the ionosphere towards another location on the 
earth are called sky waves. The transmission of information 
through sky waves is called sky wave propagation (or 
communication). 

Sky wave transmission is suitable for frequencies in 
the range 2 MHz to about 20 MHz. Above 30 MHz, the 
ionosphere does not reflect the waves; they are transmitted 
through it. 

10. Space Wave Propagation 

Radiowaves which travel in the earth’s troposphere 
(layer of atmosphere closest to earth) from a transmitting 
antenna (at a transmitting station) to a receiving antenna 
(at a receiving station) are called space waves. They have 
frequencies higher than 30 MHz. The transmission of 
information through space waves is called space wave 
propagation (or communication). 

The maximum distance upto which signal from an 
antenna of height at a TV transmitting station can reach 
directly is given by 

<4ax = 'J 2R >h + yJ 2R h r 

where h f = height of transmitting tower, h r = height of 
receiving tower and R = radius of the earth. This mode of 
transmission in called Line of Sight (LOS) mode 

© EXAMPLE 2 A transmitting antenna is at the top 
of a tower of height 64 m and the receiving antenna is at 
the top of a tower of height 32 m. Calculate the maximum 
distance between them for satisfactory transmission in 
LOS mode. Given, radius of earth = 6400 km. 
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SOLUTION h, = 64 m, h r = 32 m 
and R = 6400 km = 6.4 x 10 6 m 

^max = yJ 2R h t + \l 2Rh r 

= 'il x 6.4 x 10 6 x 64 + ^2 x 6.4 x 10 6 x 32 
= 28.6 x 10 3 + 20.2 x 10 3 

= 48.8 x 10 3 m 
= 48.8 km 


11. Satellite Communication 

The mode of communication in which microwave 
signals propagate from a transmitter at a certain location 
on earth to a receiver at another location via a satellite 
is called satellite communication. The satellite used 
is a geostationary satellite. For global communication 
(i.e. to transmit signals to all locations on earth), three 
geostationary satellites parked 120° apart from each other 
are used. 


i 

SECTION 


Multiple Choice Questions with One Correct Choice 


1. In radio and television broadcast, the information 
signal is in the form of 

(a) analog signal 

(b) digital signal 

(c) both analog and digital signals 

(d) neither analog nor digital signal 

2. In fax and e-mail, the information signal is in the 
form of 

(a) analog signal 

(b) digital signal 

(c) both analog and digital signals 

(d) neither analog nor digital signal 

3. Through which mode of communication can 
radiowaves be sent from one place to another? 

(a) Ground wave propagation 

(b) Sky wave propagation 

(c) Space wave propagation 

(d) All of the above 

4. Ground wave propagation is effective for frequencies 
in the range 

(a) 20 kHz to 250 kHz 

(b) 500 kHz to 1500 kHz 

(c) 10 MHz to 200 MHz 

(d) 10 10 Hz to 10 14 Hz 

5. Which range of frequencies is suitable for sky wave 
propagation? 

(a) 1 kHz to 500 kHz 

(b) 1 MHz to 2 MHz 

(c) 2 MHz to 20 MHz 

(d) above 30 MHz 

6. Which mode of communication is employed to 
transmit very high frequency (VHF) and ultra high 
frequency (UHF) signals? 

(a) Ground wave propagation 


(b) Sky wave propagation 

(c) Space wave propagation 

(d) None of the above 

7. A TV tower has a height of 50 m. The maximum 
distance upto which TV transmission can be received 
is approximately equal to (radius of earth = 6.4 x 10 (1 
m) 

(a) 5 km (b) 25 km 

(c) 100 km (d) 250 km 

8. Which electromagnetic waves arc used in satellite 
communication? 

(a) Light waves (b) Radiowaves 

(c) Gamma rays (d) Microwaves 

9. A receiving station on the ground is receiving a 
signal of frequency 5 MHz from a transmitter at a 
height of 300 m above the surface of the earth (of 
radius 6.4 x 10 6 m) at a distance of 100 km from the 
receiver. Then the signal is coming via 

(a) ground wave propagation 

(b) sky wave propagation 

(c) both ground wave and sky wave propagation 

(d) neither ground wave nor sky wave propaga¬ 
tion. 

10. In Q. 9 above, if the frequency of the signal transmitted 
is 10 MHz, then the mode of transmission is 

(a) ground wave propagation 

(b) sky wave propagation 

(c) both ground wave and sky wave propagation 

(d) neither ground wave nor sky wave propaga¬ 
tion. 

11. On a particular day, the maximum frequency 
reflected from the ionosphere is 8 MHz. On another 
day it was found to increase to 9 MHz. The ratio of 
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the maximum electron densities of the ionosphere on 
the two days is 




8 

9 







12. The process of superposition an audio signal on a 
high frequency carrier wave is called 


(a) transmission (b) communication 

(c) modulation (d) demodulation 

13. In an optical fibre, optical signals are transmitted by 

(a) repeated refractions at the core-cladding inter¬ 
face 

(b) interference between the incident wave and the 
reflected waves 

(c) diffraction of optical signals 

(d) repeated total internal reflections at the core- 
cladding interface 

14. In a typical optical fibre, the diameter of the core is 

(a) 10~ 2 m (b) l(T*m 

(c) lO^m (d) 1 A 

15. If and n 2 are the refractive indices of the core and 
cladding respectively of an optical fibre, then 

(a) n , is much greater than n 2 

(b) /?| is much smaller than n 2 

(c) /?! is slightly greater than n 2 

(d) /?, is slightly smaller than n 2 . 

16. The refractive index of the core of an optical fibre is 
n , and that of its cladding is n 2 . In a typical optical 
fibre, the difference {n x -/?->) is 

(a) 10~ 7 (b) 1CT 5 

(c) 10~ 3 (d) 10"' 

17. The light from a laser 

(a) is highly monochromatic 

(b) is highly coherent 

(c) travels as a concentrated beam 

(d) has all the properties listed in (a), (b) and (c) 

18. In which of the following processes are new photons 
emitted 


(a) stimulated absorption 

(b) spontaneous emission 

(c) stimulated emission 

(d) All the above processes 

19. In stimulated emission, which of the following 
characteristics of the emitted photons are the same 
as those of the incident photons? 


(a) Energy (b) Direction of motion 

(c) Phase (d) All the above 

20. In light modulation, which characteristic of the 
carrier light wave is varied? 

(a) Amplitude (b) Frequency 

(c) Phase (d) Intensity 


* /£ 

Answers 


1. (a) 

2. (b) 

3. (d) 

4. (b) 

5. (c) 

6. (c) 

7. (b) 

8. (d) 

9. (b) 

10. (d) 

11. (d) 

12. (c) 

13. (d) 

14. (c) 

15. (c) 

16. (c) 

17. (d) 

18. (c) 

19. (d) 

20. (d) 


Solutions 


1. The correct choice is (a). 

2. The correct choice is (b). 

3. The correct choice is (d). 

4. The correct choice is (b). 

5. The correct choice is (c). Above 30 MHz, the 
ionosphere does not reflect the waves. Waves of 
frequency greater than 30 MHz are transmitted 
through the ionosphere. 

6. The correct choice is (c). 

7. Maximum range d max = yj 2 Rh = v2 x6.4x 10 6 x50 
= 25.3 x 10 3 m = 25.3 km. 

Hence the correct choice is (b). 

8. The correct choice is (d). 

9. For ground wave propagation, the maximum range is 
d max = j2Rh = yjl x 6.4 x 10 6 x 300 

= 62 x 10 3 m = 62 km 

which is less than 100 km. Hence choice (a) is wrong. 
The maximum frequency which can be propagated 
via sky waves is 

VW - 9 MHz 

which is more than 5 MHz. Hence a 5 MHz signal 
can be propagated via sky waves and not via ground 
waves. Thus the correct choice is (b). 
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(c) remains the same throughout the ionosphere 

(d) is equal to unity. 

5. Which range of frequencies is suitable for sky wave 
propagation? 

(a) 1 kHz to 500 kHz (b) 1 MHz to 2 MHz 

(c) 5 MHz to 20 MHz (d) above 30 MHz 

Ty-11 Solutions 


3. The correct choice is (a). 

4. The correct choice is (b). 

5. The correct choice is (c). 

Questions 6 to 8 are based on the following passage. 

Passage III 

Radiowaves which travel in the earth’s troposphere 
(layer of atmosphere closest to earth) from a transmitter 
to a receiver are called space waves. The transmission 
of information through space waves is called space 
wave propagation (or communication). In space wave 
propagation, the waves travel directly in a straight line 
from the transmitting antenna to the receiving antenna. 
The propagation of space wave is, therefore, restricted 
by the curvature of the earth. This mode of propagation 
is called ‘line of sight' communication. The maximum 
distance upto which signals from an antenna of height /? 
at a TV transmitting station can reach directly is given by 

cl = yflRh 

where R is the radius of the earth. Thus, the greater 
the height of the TV tower, the greater is the range of 
transmission. 


6. Which mode of communication is employed to 
transmit very high frequency (VHP) and ultra high 
frequency (UHF) signals? 

(a) Ground wave propagation 

(b) Sky wave propagation 

(c) Space wave propagation 

(d) None of these 

7. A TV tower has a height of 80 m. The maximum 
distance upto which TV transmission can be received 
is equal to (radius of earth = 6.4 x 10 (> m) 

(a) 16 km (b) 32 km 

(c) 80 km (d) 160 km 

8. if the average density of population is 2000 persons 
per km 2 , the population covered in Q.7 above is 
nearly 

(a) 24 lakh (b) 48 lakh 

(c) 64 lakh (d) 80 lakh 

Solutions 

6. The correct choice is (c). Ground waves die out after 
covering a small distance due to absorption by earth 
and the atmosphere close to the earth. The ionosphere 
does not reflect such high frequency waves; they are 
transmitted through it. 

7. d mm = JlRh = \Jl x 6.4 x 10 6 x 80 = 32 x 10 3 m 

= 32 km 

So the correct choice is (b). 

8. Maximum area covered = n J 2 max = 3.14 x (32)“ 
3200 km 2 

Population covered = 3200 x 2000 = 64 lakhs, 
which is choice (c). 



131 

SECTION 


Assertion-Reason Type Questions 


In the following questions. Statement-1 (Assertion) is 
followed by Statement-2 (Reason). Each question has the 
following four choices out of which only one choice is 
correct. 

(a) Statement-1 is True, Statement-2 is True; Statement-2 
is a correct explanation for Statement-1. 

(b) Statement-1 is True, Statement-2 is True; Statement-2 
is NOT a correct explanation for Statement-1. 

(c) Statement-1 is True, Statcment-2 is False. 


(d) Statement-1 is False, Statement-2 is True. 

1. Statement-1 

In ground wave transmission the radio signals die out 
after traveling some distance. 

Statement-2 

Radio signals have a very short wavelength and 
hence are scattered away by the dust particles and 
molecules of gases in the atmosphere. 
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2. Statement-1 

Ground wave communication is effective only at low 
frequencies in the range 500 kHz to about 1500 kHz. 

Statement-2 

The decrease in the intensity of the signal due to 
absoiption by the earth and its atmosphere is higher 
for higher frequencies. 

3. Statement-1 

The refractive index of the ionosphere increases as we 
go from the lower to upper layers in the ionosphere. 

Statement-2 

The degree of ionization is higher at the upper layers 
than at the lower layers of the ionosphere. 

4. Statement-1 

Sky wave communication is not suitable for 
frequencies greater than 30 MHz. 

Statement-2 

High frequency signals die out before reaching the 
ionosphere. 

5. Statement-1 

Microwaves and not radiowaves are used in satellite 
communication. 

Statement-2 

The wavelength of microwaves is much shorter 
than that of radiowaves. Hence microwaves do not 
disperse or diffract like radiowaves. 

6. Statement-1 

Long distance radio broadcasts use short wave bands. 

Statement-2 

Short wavelength signals are reflected by the 
ionosphere. 


7. Stateinent-1 

Sky wave communication is not used to transmit TV 
signals. 

Statement-2 

The ionosphere does not reflect TV signals; it 
transmits them. 

8. Statement-1 

In an optical fibre, the refractive index of the glass 
core is slightly greater than that of the cladding. 

Statement-2 

An optical fibre propagates light by repeated total 
internal reflections at the core-cladding interface. 

Solutions 

1. The correct choice is (a). Radio signals arc absorbed 
by the earth and by the atmosphere. Hence the 
intensity of these signals decreases as they propagate. 

2. The correct choice is (a). 

3. The correct choice is (d). The refractive index 
decreases as we go from the lower to upper layers in 
the ionosphere. 

4. The correct choice is (c). High frequency signals arc 
not reflected from ionosphere; they are transmitted 
through it. 

5. The correct choice is (a). 

6. The correct choice is (a). 

7. The correct choice is (a). 

8. The correct choice is (a). 


4 Previous Years' Questions from AIEEE, IIT-JEE, 
JEE (Main) and JEE (Advanced) 

SECTION (with Complete Solutions) 


1. This question has Statement-1 and Statement-2. Of 
the four choices given after the statements, choose 
the one that best describes the two statements. 
Statement-1: Sky wave signals are used for long 
distance radio communication. These signals are in 
general, less stable than ground wave signals. 


Statement-2: The state of ionosphere varies from 
hour to hour, day to day and season to season. 

(a) Statement-1 is true, Statement-2 is flase. 

(b) Statement-1 is ture, Statement-2 is true, 
Statement-2 is the correct explanation of 
Statement-1 
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(c) Statement-1 is true, Statement-2 is true, 
Statement-2 is not the 

(d) Statement-1 is false, Statment-2 is true 

[ 2011 | 

2. A radar has a power of lkW and is operating at a 
frequency of 10 GHz. It is located on a mountain top 
of height 500 m. The maximum distance upto which 
it can detect object located on the surface of the earth 
(Radius of earth = 6.4 x 10 6 m) is 

(a) 80 km (b) 16 km 

(c) 49km (d) 64km [2012] 

3. A diode detector is used to detect an amplitude 
modulated wave of 60% modulation by using a 
capacitor of capacitance 250 pH in paraded with 
a load resistor 100 kQ. The maximum frequency 
which can be detected by it is 

(a) 10.62 kHz (b) 5.31 MHz 

(c) 5.31 kHz (d) 10.62 MHz [2013] 

4. Which mode of communication is employed to 
transmit very high frequencey (VHF) and ultra high 
frequency (UHF) signals? 

(a) Ground wave propagation 

(b) Sky wave propagation 

(c) Space wave propagation 

(d) None of the above [2014] 



Answers 


1- (b) 2. (a) 3. (c) 4. (c) 



Solutions 


1. The refractive index of the different layers of the 
ionosphere changes with time. Hence sky wave 


signals are, in general, less stable than ground wave 
signals. 



= \1r 2 +2RIi-R 2 ("h«R) 


= sl2Rh 

= \j2x (6.4x 10 6 )x500 
= 8 x I0 4 m = 80 km 

3. Cut-off frequency is 

1 1 
0 ~ 2kRC ~ 2 x 3.14 x (100 xl0 3 )x (250 xl(T 12 ) 

= 6.4 kHz 

The maximum modulation frequency v m must be less 
than v c because 

v m = v c ^ ; (n 7. t = modulation index) 

m a 

Since m a < 1, the correct choice is (c) 

4. The correct frequency is (c). 
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Practice Test Paper 



1. In an experiment the angles are required to be 
measured using an instrument. 29 divisions of the 
main scale exactly coincide with the 30 divisions of 
the vernier scale. If the smallest division of the main 
scale is half-a-degree (= 0.5°), then the least count of 
the instrument is : 


(a) one degree (b) half degree 

(c) one minute (d) half minute 

2. If L, R , C and V respectively represent inductance, 
resistance, capacitance and potential difference, then 

the dimensions of —-— arc the same as those of 

RCV 

(a) current (b) —-— 

current 


3. 


(c) charge 


(d) 


1 


charge 

The velocity (i>) of a body moving along the positive 
x-direction varies with displacement (jc) from the 


origin as v = k , where k is a constant. Which of 
the graphs shown in the following figure correctly 
represents the displacement-time (x - t ) graph of the 
motion? 




(b) 




4. A stone tied to a string of length L is whirled in a 
vertical circle with the other end of the string at the 
centre. At a certain instant of time, the stone is at its 
lowest position and has a speed u. The magnitude 
of the change in its velocity as it reaches a position 
where the string is horizontal is 

(a) s]u 2 - 2 gL (b) \j2gL 

(c) \Jir -gL (d) yj2{u 2 -gL) 


5. A particle located at x = 0 at time t = 0, starts moving 
along the positive x-direction with a velocity v 

that varies as v = a4x where a is a constant. The 
displacement x of the particle varies wih time t as 
(a) l m (b) / 3 

(c) t 2 (d) I 

, where K is a constant. The general equation for its 
path is 

7 2 

(a) y = x + constant (b) y = x + constant 

(c) xy = constant (d) y 2 = x 2 + constant 

7. Two fixed frictionless inclined planes making an 
angle 30° and 60° with the horizontal are shown in 
the following figure. Two block A and B are place 
on the two planes. What is the relative vertical 
acceleration of A with respect to B? 


6. A particle is moving with velocity v = K(y\ 
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(a) 4.9 ms 2 in horizontal direction 

(b) 9.8 ms 2 in vertical direction 

(c) zero 

(d) 4.9 ms 2 in vertical direction 

8. What is the maximum value of the force F such that 
the block shown in the following figure does not 
move? The coefficient of friction between the block 
and the horizontal surface is 0.5. (Take g = 10 ms'“) 
(a) 20 N (b) ION 

(c) 12 N (d) 15 N 



9. A block of mass 2 kg is free to move along the Jt-axis. 
It is at rest and from t = 0 onwards it is subjected to 
a time-dependent force F(t) in the x direction. The 
force F(t) varies with t as shown in the following 
figure. The kinetic energy of the block after 4.5 
seconds is 



10. The potential energy function for the force between 
two atoms in a diatomic molecule is approximately 

a b 

given by U(x) = ——-—, where a and b are 


constants and x is the distance between the atoms. If 


the dissocation energy of the molecule is D [U(x = °°) 

^at equilibrium]’ ^ ^ 

b 2 

, b 2 

(a) — 

(b) — 

6 a 

2 a 

b 2 

J b 2 

(c) - 

12 a 

(d) 4a 


11. A thin uniform rod of length / and mass m is swinging 
freely about a horizontal axis passing through its 
end. Its maximum angular speed is co. Its centre of 
mass rises to a maximum height of: 



1 iW 

2 g 



1 l 2 co 2 
6 g 



1 l 2 co 2 
3 g 



1 ICO 
6 g 


12. A block of base 10 cm x 10 cm and height 15 cm is 
kept on an inclined plane. The coefficient of friction 

between them is V3 . The inclination 6 of this 

inclined plane from the horizontal plane is gradually 
increased from 0°. Then 

(a) at Q = 30°, the block will start sliding down the 
plane 

(b) the block will remain at rest on the plane up to 
certain 6 and then it will topple 

(c) at 9= 60°, the block will start sliding down the 
plane and continue to do so at higher angles 

(d) at 0 = 60°, the block will start sliding down the 
plane and on further increasing 6 , it will topple 
at certain 0. 

13. An ideal spring with spring-constant k is hung from 
the ceiling and a block of mass M is attached to its 
lower end. The mass is released with the spring 
initially unstretched. Then the maximum extension 
in the spring is 

(a) 4 Mg/k (b) 2 Mg/k 

(c) Mg/k (d) Mg/2k 

14. A planet in a distant solar system is 10 times more 
massive than the earth and its radius is 10 times 
smaller. Given that the escape velocity from the 
earth is 11 km s the escape velocity from the sur¬ 
face of the planet would be 

(a) 0.11 km s 1 

(b) 1.1 km s _l 

(c) 11 km s 1 

(d) 110 km s" 1 

15. A jar is filled with two non-mixing liquids 1 and 2 
having densities p, and p 2 respectively. A solid ball, 
made of a material of density p 3 is dropped in the 
jar. It comes to equilibrium in the position shown in 
figure given on next page. Which of the following is 
true for p,, p : and p 3 ? 

(a) p, < p 3 < p 2 

(b) p 3 < p, < p 2 

(c) p, > p 3 > p 2 

(d) p, < p 2 < p 3 
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Practice Test Paper —/ P-1.3 



16. A small metal sphere of radius r and density p 
falls from rest in a viscous liquid of density cr 
and coefficient of viscosity 7j. Due to friction, heat 
is produced. The rate of production of heat when 
the sphere has acquired the terminal velocity is 
proportional to 

(a) r 2 (b) ? 

(c) r 4 (d) r 5 

17. A long metallic bar is carrying heat from one of 
its ends to the other end under steady-state. The 
variation of temperature 6 along the length * of the 
bar from its hot end is best described by which of the 
following figures? 




(C) (d) 


18. An ideal gas is expanding such that PT 2 = constant. 
The coefficient of volume expansion of the gas is 






19. The displacement y of a particle of a medium can be 

expressed as , 

y— tan -6 sin 100/+ 20* + - 

where y and * are in metre and / in second. The speed 
of the wave (in ms' 1 ) is 

(a) 2000 (b) 5 

(c) 20 (d) 5/r 

20. The equation of a wave on a string of linear mass 
density 0.04 kg m 1 is given by 

r ( t x yi 

y = 0.02 (m) sin In -—--—- . The 

L v0.04(s) 0.50 (m)yj 

tension in the string is 

(a) 4.0 N (b) 12.5 N 

(c) 0.5 N (d) 6.25 N 

21. A simple pendulum attached to the ceiling of a 
stationary lift has a time period T. The distance y 
covered by the lift moving upwards varies with time 
/ as y = r where y is in metre and t in second. If g 
= 10 ms 2 , the time period of the pendulum will be 




22. A hollow pipe of length 0.8 m is closed at one end. At 
its open end a 0.5 m long uniform string is vibrating 
in its second harmonic and it resonates with the 
fundamental frequency of the pipe. If the tension in 
the wire is 50 N and the speed of sound is 320 ms" 1 , 
the mass of the string is 

(a) 5 grams (b) 10 grams 

(c) 20 grams (d) 40 grams 

23. This question contains Statement-1 and Statement-2. 
Of the four choices given after the statements, choose 
the one that best describes the two statements. 
Statement-1: For a charged particle moving 
from point P to point Q , the net work done by an 
electrostatic field on the particle is independent of 
the path connecting point P to point Q. 

Statement-2: The net work done by a conservative 
force on an object moving along a closed loop is 
zero. 

(a) Statement-1 is true, Statement-2 is true, 

Statement-2 is not the correct explanation of 
Statement-1. 

(b) Statement-1 is false, Statement-2 is true. 

(c) Statement-1 is true, Statement-2 is false. 

(d) Statement-1 is true, Statement-2 is true, 

Statement-2 is the correct explanation of 
Statement-1. 
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24. A tiny spherical oil drop carrying a net charge q is 
balanced in still air with a vertical uniform electric 

field of strength x 10 5 Vm When the field 

is switched off, the drop is observed to fall with 
terminal velocity 2 x 10 3 ms Given g = 9.8 ms 
, viscosity of the air = 1.8 x 10 Ns m “ and the 
density of oil = 900 kg m 3 , the magnitude of q is 

(a) 1.6x10 19 C (b) 3.2 x 10 19 C 

(c) 4.8 x 19“ 19 C (d) 8.0 x 10“ I9 C 

25. Two wires AB and BC , each of length IJ 2 arc made 
of the same material. The radius of wire AB is 2 r 
and of wire BC is r. The current / flows through 
the composite wire (see figure). Choose the correct 
statement from the following. 

(a) Potential difference across BC is twice that 
across AB. 

(b) Power dissipated in BC is four times the power 
dissipated in AB. 

(c) Current densities in AB and BC are equal. 

(d) Electric fields in AB and BC are equal. 


A -►/ B C 



LI 2-►H- U2 -H 


26. Two conductors have the same resistance at 0°C but 
their temperature coefficients of resistance are a, 
and a 2 , the respective temperature coefficients of 
their series and parallel combinations are nearly 



a, + a 2 a, + a 2 
2 ’ 2 



a, + 

—--,Gf, +(X-> 

2 



a, 

a, + a ? ,—-- 

i 2 2 



a, + a 2 . 


a x a 2 
a, +a 2 


27. A charged particle moves through a magnetic field 
perpendicular to its direction. Then 

(a) the momentum changes but the kinetic energy is 
constant 

(b) both momentum and kinetic energy of the particle 
are not constant 

(c) both, momentum and kinetic energy of the 
particle arc constant 

(d) kinetic energy changes but the momentum is 
constant. 

28. A thin flexible wire of length L is connected to two 
adjacent fixed points and carries a current / in the 
clockwise direction, as shown in the following figure. 
When the system is put in a uniform magnetic field of 


strength B going into the plane of the paper, the wire 
takes the shape of a circle. The tension in the wire is 

xxxxxxxx g 



(a) IBL 

(b) 

IBL 

(C) V 

2 K 

(d) 


IBL 

n 

IBL 
4 K 


29. An AC voltage source of variable angular frequency 
co and fixed amplitude V 0 is connected in scries with 
a capacitance C and an electric bulb of resistance R 
(inductance zero). When co is increased 

(a) the bulb glows dimmer 

(b) the bulb glows brighter 

(c) total impedance of the circuit is unchanged 

(d) total impedance of the circuit increases 

30. In a scries LCR circuit R = 200 Q and the voltage and 
the frequency of the main supply is 220 V and 50 I Iz 
respectively. On taking out the capacitance from the 
circuit, the current lags behind the voltage by 30°. On 
taking out the inductor from the circuit the current 
leads the voltage by 30°. The power dissipated in the 
LCR circuit is 

(a) 242 W (b) 305 W 

(c) 210 W (d) Zero W 

31. The rms value of the electric field of the light 
comming from the Sun is 720 N/C. The average total 
energy density of the electromagnetic wave is 

(a) 81.35 x 10" 12 J/m 3 

(b) 3.3 x 10“ 3 J/m 3 

(c) 4.58 x 10 -6 J/m 3 

(d) 6.37 x 10 9 J/m 3 

32. In an optics experiment, with the position of the 
object fixed, a student varies the position of a convex 
lens and for each position, the screen is adjusted to 
get a clear image of the object. A graph between the 
object distance u and the image distance v, from the 
lens, is plotted using the same scale for the two axes. 
A straight line passing through the origin and making 
an angle of 45° with thex-axis meets the experimental 
curve at P. The coordinates of P will be: 


(a) (ff) (b) (4/; 4/) 

(C) (2/ If) (d) (f() 
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17. (d) 

18. (c) 

19. (b) 

20. (d) 


V = 

21. (b) 

22. (b) 

23. (d) 

24. (d) 



25. (b) 

26. (a) 

27. (a) 

28. (c) 


Av = 

29. (b) 

30. (a) 

31. (c) 

32. (c) 



33. (b) 

34. (b) 

35. (c) 

36. (c) 

c 


37. (a) 

38. (a) 

39. (c) 

40. (c) 

1 


*V «S 




L 

J 

s / ' . 

Solutions 









▼ 

-► u 


V = yju 1 - 2 gL 

Av = Vir + (-m) 2 = yjl{u 2 - gL) 



1. Value of 1 main scale division = 0.5° 

30 vernier scale divisions 

= 29 x main scale divisions 
= 29 x ().5° 

29 

Value ot 1 vernier scale division = —x 0.5° 

30 

Least count = value of 1 m.s.d - value of 1 v.s.d. 

29 0 5° 0 5 

=0.5°-x 0.5° = = — x 60 min 

30 30 30 

= 1 min 

2. RC has dimension of time and Lhas the dimensions 

of L —. Hence 
dt 

L l_f 1 T 1 1 

RCV _ _T A _ current 

3. Given v = k\fx => v 1 = k 2 x . Differentiating, we have 

-,dv^dx f dx\ 

dt v dt ) 


\ dv "tJ 


v = — 
2 

dx _ k 2 t 
dt 2 

r - * 2 r 

\ dx 


t dt 


k L 2 

=> x = —r 

4 

Thus .V oc r. 

4. From energy conservation 

1 ? 1 2 r 

— m u = — m v + m e L 

2 2 


5. Given v = aJ~x . Since v = —, we have 

dt 

dx _ r 
— ~ a yJx 


dx 

or —j= = adt 

\ x 

Integrating, we have 

r* dx C . 

—== a\ dt 

Jo Ec Jo 

which gives -2\[x = a t or x = 




Hence .r is 


# 2 

proportional to t . 

6. Given v = K(y\ + jcj) . Hence 

v x = Ky and v y = Kx. Therefore, 

dx „ , dy 

— = Ky and — = Kx. 
dt dt 


Now 


c/y dy/dt _ Kx _ x 
c j x dx/dt Ky y 

y dy = x dx 


. y 2 x 2 

Integrating we get — = — + c 

where c = constant of integration. 

Hence y 2 = a' 2 + 2c 

7. Acceleration along the inclined plane is a =g sin 6. 
Vertical component of a is a cos (90° - 9) = a sin Q 
= g sin - 6. [Refer figure] 


a = g sin 0 


a sin 9 
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2 

For block A , vertical acceleration is g sin" (60°) 

3 e ... 

= — and for block B the vertical acceleration is 

4 

2 R 

g siir (30°) = —. Therefore the relative vertical 

4 

• _ 3e e q 

acceleration of A with respect to B = -- — = — 

4 4 2 

= 4.9 ms 2 . 


8. The horizontal component of F parallel to the surface 
is F sin 0. Hence maximum value of F is given by 

F sin 6 = fimg 

or F sin 60° = 0.5 x V3 x 10 


or 


V3 r 

F — = 0.5 x v3 x 10 
2 


which gives F = 10N. 

4 N 4 

9. Slope of graph = - - - Ns . Therefore, 

.1S .2 

4 

F=- -/ + 4. 

3 

Now change in momentum = J Felt 


4.5s / 

mv - 0 = J v 3 ^ 


r + 4 \dt 


or 


2v = 


2 v 


3 

-l 


+ 4/ 


4.5s 


= 4.5 


10. 


which gives 12 = 2.25 ms . Therefore, 

K.E. = — mv 1 = - x 2 x (2.25V 
2 2 

= 5.06 J. 

a b 


Force 


U (X = oo) = 0 


F = - 


dU 


d ( a 


F = - 


dx 
12 a 6b 


^ 1 - 12 6 


A A 


(i) 


( 2 ) 


At equilibrium F = 0. Putting F= 0 in Eq. (2) we get 

2a 


x 6 = 


2 ^ 

Putting a 6 = — in Eq. (1) we get 
b 


U at equilibrium 


a 


2a 

b 


b 

2*7 

b 


4 a 


D = [U at x = oo - U at equilibrium] 


( ,.2 \ 


= 0 - 


\ 4a) 
2 


\r_ 

4a 


11. Use nigh = — Ico 2 and I = . 

2 3 

12. The block will just begin to slide if the downward 
force mg sin 6 just overcomes the frictional force, 

i.e. if mg sin G = pN = jj mg cos 0 => tan 6= p= J 3 

=> 0= 60° [Refer figure] 

The block will topple if the torque due to normal 
reaction yV about O just exceeds the torque due to mg 
sin G about 0, i.e. 

/V x OA = mg sin G x OB 

=> mg cos G x 5 cm = mg sin 6 x — cm 

2 


tan 6 = — 
3 


0 = 34°. 


Since G for toppling is less than G for sliding, the 
correct choice is (b). 



13. Let x be the extension in the spring when it is loaded 
with mass M. The change in gravitational potential 
energy = Mgx. This must be the energy stored in the 

spring which is given by — foe 2 . Thus 

2 

1 z 2 2 ,V/g 

— kx =Mg x or x = - 

2 6 k 


14. v e = 


'GM 


R 


. The correct choice is (d). 


15. Since liquid 1 is above liquid 2, p, < p 2 . Since the 
ball sinks in liquid 1, p 3 > p x . Since the ball floats in 
liquid 2, p 3 > p 2 . Hence p, < p 3 < p 2 , which is choice 
(a). 
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16. The terminal velocity is 


= 2 (p-a)rg 
' 9 n 

The rate of production of heat (or power dissipated) 
is given by 

P =J'v„ where/= 6nJjrv t 
P = 67TJ] rv t * v , 


= 6 nrjr 


8 ng 


2(p-a)rg 


i2 


n 


. 


{p-oy 


r 


i.e. P c* r. 


17. Let 6 be the temperature at point C at a distance x 
from end A of the bar whose ends are kept at tem¬ 
peratures 6 1 and 0 2 with 6 l > 0 2 . L = length of the bar 
(see following figuer) 



L-x 




In the steady state, the rate of How of heat from A to 
C = rate of flow of heat from C to B , i.e. 

/L4(0,-0) _ ka(0-0 2 ) 


jc 


(L-x) 


0 = 0 ,- 


0,-0,^ 


JC 


Thus, the graph of 0 versus jc is a straight line with a 
positive intercept and a negative slope. 

18. Given PT 2 = k (constant). From PV = nRT, we have 

„ nRT TT 

P = -. Hence 

V 

nRT 3 = kV 
Differentiating we have 


3 nRT 1 AT = kAV 


AV _ 3 nRT 1 
AT ~ k 


Coefficient of volume expansion is 

AV 3nRT 2 

Y 


VAT 


kV 


( 1 ) 


/ /? T 

Using V = -- and PT 2 - k in Eq. (1), 


3 


we get /= -. 


19. Compare the given equation with 
y =a sin (cot + kx -f tp) 

co 

Wave velocity v = — . The correct choice is (b). 


\T 

20 - 


^ , co 

T = pv =p\ — 

1 k ) 


u = mass per unit length of the string. The correct 
choice is (d). 

2 1. Given y = r. The velocity of the lift varies with t as 

dy 

v = — =2t 
dt 

Acceleration a = — = 2 ms" 2 , directed upwards. 


Hence 


and 


dt 


V =2 n 


T = 2n 


g + a 


l 

g 


T f 


10 


g + a V (10 + 2) 


22. Let / be the length of the string and L the length of 
the pipe. The frequency of the string vibrating in the 
second harmonic is 

2 [f 

v= ’ P = mass P er unit length ot the string 

The fundamental frequency of the closed pipe is 

v 


V = 


4 L 


; v = speed of sound 


For resonance, v= v\ i.e. 
1 IT v 
HP 


41 


Substituting the values of/, T, v and A, we get 

1 


P~ 


50 


kg m 


/. Mass of string = til = — x 0.5 = 10 2 kg = 

50 

10 grams. So the correct choice is (b). 

23. Electrostatic field is conservative. For a conservative 
field, the work done to take a charged particle from a 
point P to another point Q is independent of the path 
followed by the particle to go from P to Q. In ad¬ 
dition, work done to take the particle from Q to P is 
equal and opposite in sign. Hence the net work done 
in moving the particle from P to O and then back to 
P is zero. So the correct choice is (d). 
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24. Terminal velocity v is given by 
6 nrjrv = mg = 


f 4 k r ^ 


Pg 


Substituting the values of ip v, p and g, we get 
3 

r= — x l() _s m. The oil drop will be balanced in air if 


qE = mg = 


1 4k r x 


Pg 


25. R = 


Substituting the values of E, r, p and g, we get 
q = 8.0 X 10 19 C. 

Pi 


. Since the two wires are made of the same 


Kr 


material, resistivity p is the same for wires AS and 
BC. Since the wires have equal lengths, it follows 
that R Ur. Hence 


=T>ie**c = 4* 


AB 


1 BC 4 

Since the current, is the same in the two wires, it 
follows from Ohm’s law (V = IR) that V BC = 4 V AB . 
Hence choice (a) is wrong. Now power dissipated is 
P = P R. Since / is the same, P °c R. Hence 

Pbc r 


AB 


R> 


= 4 


AB SC 

Hence chioce (b) is correct. Choice (c) is wrong be¬ 
cause current density (i.e. current per unit area) is 
different in wires AB and BC because their cross- 
sectional areas are different. The electric field in a 
wire is E = V/I. Since the two wires have the same 
length (/), E is proportional to potential difference 
(V). Since V BC = 4 V AB ., E BC = 4 E AB . Hence choice 
(d) is also incorrect. 

26. The resistance of a conductor at temperature t°C is 
given by 

R = R {) (1 + at) 
where R 0 is the resistance at 0°C 
For series combination 

R s =R , + R 2 


At 0°C, 


R t . — R 0 + R n — 2 R 


o 


2R 0 ( \ +a s t) = R 0 ( 1 + a,/), + R 0 (\ + a i 0 

=> a s = — (a, + a 2 ) 

For parallel combination 

1 = _L + J_ 




At 0°C, 


1 


R 


\ \ 2 n R o 

-1-= — => R n = — 

*o *0 R 0 P 2 


27. 


28. 


+ 


—(1 + a t ) /? o( l+a iO ^(l + ^O 


=> 2 (1 + a p t) 1 = (1 + <*1 /) 1 + (1 + a 2 1) 1 


=> 2 (1 - a p t) = (1 - a, 0 + (1 - Ok t) 

j (v at « 1) 

=> a P = 2 (a ' + 

The magnetic force experienced by the charged 
particle is perpendicular to its velocity. Hence the 
force does no work on the particle. Therefore, the 
speed and hence the kinetic energy of the particle 
remain unchanged. Since the velocity of the particle 
is perpendicular to the magnetic field, it will move 
along a circular path in the region of the magnetic 
field. Therefore, its velocity and hence linear 
momentum will continuously change due to change 
in the direction of motion of the particle moving a 
circle. Hence the correct choice is (a). 

Consider a small element of the wire of length 
dx. The horizontal components T cos (dO) can¬ 
cel each other. The vertical components add up 
to 2 T sin (dO) because in the limit dO —> 0, they 
arc col linear. The magnetic force an clement dx is 
F= Bldx vertically upward, [see following figure] 


F = Bldx 


t 



For equilibrium, 

2 T sin (dO) =BIdx = BIR (2 d6) 
where R is the radius of the ring. For small dO , 
sin d6 = dO. 

Hence 2TdO = 2B1R d6 

B If 

=> T = BIR = - (v L = 2kR) 

2k 


29. 


Impedance Z = 


R 2 + 


1 


~il / 2 


(coC) 2 J 


> A) 


— . As co in- 
Z 


creases, Z decreases. Hence the current / 0 increases. 
Therefore, the bulb glows brighter, which is choice 
(b). 
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30. In a series LCR circuit, the phase angle (p between 
voltage and current is given by 

1 


coL- 


tan (p = 


coC 


R 


If capacitor is taken out, tan (p = 


0)L 


coL 

R 


tan 30° = -. If inductor is taken out, 


R 


tan (p = - 


1 


(OCR 
- tan 30° = 


1 


(OCR 
coL = 1 

R (OCR 


. Hence 


33. Resolving power = - , where D = diameter (ap¬ 

erture) of the objective of the telescope. Hence the 
correct choice is (b). 

34. For refraction of ray OA by the lens, [see following 
figure] 

-= — => v =30 cm 

v' -30 15 



=> coL = - 

coC 

This is the resonance condition. At resonance, im¬ 
pedance Z= R. Hence 


P = 



( 220) 2 

200 


= 242 W 


1 

3 1. Total energy density = -£ 0 


= p f z 
fc 0 ^rms 




rms 


V2J 


= (8.85 x 1 (T 12 ) x (720) 2 
= 4.58 x 1(T 6 Jm‘ 3 

32. For a convex lens forming a real image 


I 1-1 

V u f 


(1) 


The graph of v against u is as given in the following 
figure. 

Since the u and v scales are the same, u = v at point 
P. Putting u = v in Eq. (I) gives u = 2 f Also v = 2 f 
Hence the correct choice is (c). 



So the image /' is 20 cm from the mirror. After 
reflection from the mirror, the virtual image O' 
is such that O'M = MI'. So O' is 10 cm to the left 
of the lens. O' serves as the virtual object for the 
refraction of ray BC by the lens. For this refraction, 
u = + 10 cm. Hence 

v a 

I__L 

v 10 

Hence the final real image I will be at a distance of 
10 + 6 = 16 cm from the mirror. 

35. de Broglie wavelength of electron is 

h h 

A= - = — 
p mv 

If speed v of electron is increased, momentum 
p{= mv) will increase. Hence wavelength A will 
decrease. Now, the angular width of the central 
maximum of the diffraction pattern is 26 where 
6 is given by 

sin 6 = — 
a 

where a is the width of the slit. Thus, if A decreases, 
6 and hence 26 will decrease. Therefore, the correct 
statement is (c). 

he 

36. Use A mnv = — . The correct choice is (c). 

max W 0 

37. Since — = , the time taken for the sample 

16 2 4 

to decay to — th of initial value = 4 half lives = 
16 

4 x 1 00 (is = 400 |is 


"/ 

= — => v = 6 cm 
15 
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the incline suddenly change from 60° to 30° at point B. 
The block is initially at rest at A. Assume that collisions 
between the block and the incline arc totally inelastic (g 
= 10 m/s 2 ) 


A 



6. The speed of the block at point B immediately after 
it strikes the second incline is 

(a) n/ 60 ms -1 (b) V?5 ms -1 

(c) >/30 ms +1 (d) Vf5 ms* 1 

7. The speed of the block at point C, immediately 
before it leaves the second incline is 

(a) Vl20 ms -1 (b) V105 ms -1 

(c) V 90 ms' 1 (d) n/ 75 ms" 1 

8. A point mass of 1 kg collides elastically with a 
stationary point mass of 5 kg. After their collision, 
the 1 kg mass reverses its direction and moves with 
a speed of 2 ms Which of the following statements 
is are correct for the system of these two masses? 

(a) Total momentum of the system is 12 kg ms -1 

(b) Momentum of 5 kg mass after collision is 4 kg 
ms 1 

(c) Kinetic energy of the centre of mass is 0.75 J 

(d) Total kinetic energy of the system is 4 J 

9. A disc of mass M and radius R is rolling with angular 
speed co on a horizontal surface as shown in the 
figure. The magnitude of angular momentum of the 
disc about the origin O is 



(a) — MR 1 co 
2 


(b) MR 2 co 

(c) - MR 2 co 
2 

(d) 2 MR 2 (0 

10. Statement-1 : Two cylinders, one hollow (metal) 
and the other solid (wood) with the same mass and 
identical dimensions are simultaneously allowed to 
roll without slipping down an inclined plane from 
the same height. The hollow cylinder will reach the 
bottom of the inclined plane first. 

Statement-2 : By the principle of conservation 
of energy, the total kinetic energies of both the 
cylinders are identical when they reach the bottom 
of the incline. 

(a) Statement-1 and 2 are both true and Statement-2 
is the correct explanation of Statement-1. 

(b) Statement-1 and 2 are both true but Statement-2 
is not the correct explanation of Statement-1. 

(c) Statement-1 is true and Statement-2 is false. 

(d) Statement-2 is true and Statement-1 is false. 

11. A satellite of mass m is moving in a circular orbit of 
radius r around a planet of mass M. 

(a) The magnitude of angular momentum with 
respect to the centre of the orbit is m jGXfr , 
where G is the gravitation constant. 

(b) The magnitude of the angular momentum is 
mR \j2gr where g is the acceleration due to 
gravity on the surface of the planet. 

(c) The direction of angular momentum is parallel to 
the plane of the orbit. 

(d) The direction of angular momentum is inclined 
at 45° to the plane of the orbit. 

12. Aspring balanced reads 2 kg with a block suspended 
from it. Another balance B reads 5 kg when a beaker 
with liquid is put on the pan of the balance. When the 
block is immersed in water 

(a) Balance A will read 2 kg 

(b) Balance A will read more than 2 kg 

(c) Balance B will read 5 kg 

(d) Balance B will read more than 5 kg. 

Questions 13 and 14 are based on the following passage. 

A container of large uniform cross-sectional area A, 
resting on a horizontal surface, holds two immiscible non- 
viscous and incompressible liquids of densities d and 2d , 
each of a height H!2 as shown in the figure. The lower 
density liquid is open to the atmosphere having pressure 
P 0 . A tiny hole of area s (s « A) is punched on the vertical 
side of the container at a height h (h = Hi 2). 
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13. The initial speed of efflux of the liquid at the hole is 


(a) pH-2h)^ 


(c) ^(3//-4A)| 


(b) V(2 H-h)g 


(d) yj2gh 


14. The horizontal distance x travelled by the liquid is 
(a) yJh(3H-4h) (b) yjh{2H -Vi) 


(c) jH(3H-2h) 


(d) y/H(3H-h) 


Questions 15 and 16 are based on the following passage. 

A uniform cylinder of length L and mass M having 
cross-sectional area A is suspended, with its length vertical, 
from a fixed point by a massless spring, such that it is 
half submerged in a liquid of density a at equilibrium 
position. When the cylinder is given a small downward 
push and released, it starts oscillating vertically with a 
small amplitude. 

15. If the cylinder is given a small downward 
displacement x from the equilibrium position and 
released, the restoring force F acting on it is 

(a) - Mgx (b) -(k + A Og)x 

(c) =-{k-^A(Tg\x (d) + ^Acrg^x 

16. The time period T of the vertical oscillations of the 
cylinder is 


(a) 2/r J—- 


(b) 2/r 


(c) 2k 


(d) 2/r 


k + -Aog 
2 


(k - Aog) 


k + Aog 


1 7. A stationary source is emitting sound at a fixed 
frequency / 0 , which is reflected by two cars 
approaching the source. The difference between the 
frequencies of sound reflected from the cars is 1.2% 
of/ 0 . What is the difference in the speeds of the cars? 
The cars are moving at constant speeds much smaller 
than the speed of sound which is 330 ms 
(a) 0.98 ms’ 1 (b) 1.98 ms' 1 

(c) 2.98 ms’ 1 (d) 3.98 ms’ 1 

18. One mole of an ideal gas in initial state A undergoes 
a cyclic process ABC A, as shown in the figure. Its 
pressure at A is P 0 . 



(a) Internal energy at B is greater than that at A. 

(b) Work done by the gas in process A—>B is P Q V 0 

p 

(c) Pressure at C is — 

4 

T 

(d) Temperature at C is 

2 

19. Two spherical bodies A (radius 6 cm) and B (radius 
18 cm) are at temperature T } and T 2 , respectively. 
The maximum intensity in the emission spectrum 
of A is at 500 nm and in that of B is at 1500 nm. 
Considering them to be black bodies, what will be 
the ratio of the rate of total energy radiated by A to 
that of £? 

(a) 3 (b) 6 

(c) 9 (d) 12 

20. At time t = 0, a battery of 10 V is connected across 
points A and B in the given circuit. If the capacitors 
have no charge initially, the time t (in seconds) when 
the voltage across the capacitors become 4V is 


2MQ 2 jiF 
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21. In the circuit shown in the figure, the ratio of powers 
dissipated in R x and R 2 is 


(a) 

27 

„ 25 


b) — 

4 

3 


23 


(c) 


(d) 9 

2 



22. Statement 1 : Two particles having equal charges 
and masses m x and m 2 , after being accelerated by 
the same potential difference (F)> enter a region of 
uniform magnetic field and describe circular paths of 
radii r, and r 2 respectively. Then 



Statement 2 : Gain in kinetic energy = work done 
to accelerate the charged particle through potential 
difference V. 

(a) Both statements are true 

(b) Both statements are false 

(c) Statement-1 is tine, and Statement-2 is false. 

(d) Statement-1 is false, and Statement-2 is true. 

Questions 23 and 24 are based on the following passage. 

An LCR series circuit with 100 Q resistance is connected 
to an a.c. source of 200 V and angular frequency 300 rad/ 
sec. When only the capacitance is removed, the current 
leads the voltage by 60°. When only the inductance is 
removed, the current leads the voltage by 60°. 

23. The current in the circuit is 

(a) V2A (b) 2 A 

(c) 2 V2 A (d) 1 A 

24. The power dissipated in the circuit is 

(a) 200 W (b) 400 W 

(c) 800 W (d) 100 W 

25. A metal rod PQ moves at a constant vlocity v in 
a direction perpendicular to its length. A constant 
uniform magnetic field B exists in a direction 
perpendicular to the rod as well as its velocity as 
shown in the figure. 


(a) There is no electric field in the rod 

(b) The electric potential is the same at every point 
on the rod 

(c) There is no induced current in the rod 

(d) The induced current flows from P at 0. 


P 



©a 




O 


26. The radius of curvature of the curved face of a thin 
planoconvex lens is 10 cm and it is made of glass of 
refractive index 1.5. A small object is approaching 
the lens with a speed of 1 cm s 1 moving along the 
principal axis. When the object is at a distance of 
30 cm from the lens, the megnitude of the speed of 
the image is 

(a) 1 cm s _l (b) 2 cm s _1 

(c) 3 cm s 1 (d) 4 cm s 1 


27. A glass plate of refractive index // 3 = 1.5 is coated 
with a thin layer of thickness t and refractive index 
ll 2 = 1.8. Light of wavelength X travelling in air is 
incident normally on the layer. It is partly reflected 
at the upper and the lower surfaces of the layer 
and the two reflected rays interfere. If X = 648 nm, 
the least value of t for which the waves interface 
constructively is 

(a) 90 nm (b) 180 nm 

(c) 108 nm (d) 216 nm 

28. The de Broglie wavelength of an electron moving 

O _1 

with a velocity of 1.5 * 10" ms is equal to that of a 
photon. The ratio of the kinetic energy of the photon 
to that of the electron is 


(a) 1 (b) 2 

(c) 3 (d) 4 

29. To determine the half of radioactive element, a 

dN (t) 


student plots a graph of In 


dt 


versus Hence 


dN(t) . 


dt 


is the rate of radioactive decay at time t. If 


the number of radioactive nuclei of this element 
decreases by a factor of p after 4.16 years, find the 
value of p. 

(a) 2 (b) 4 

(c) 8 (d) 16 
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Years —► 

30. An electron and a proton are moving on straight 
parallel paths with same velocity. They enter a 
semi-infinite region of uniform magnetic field 
perpendicular to the velocity. Which of the following 
statement is true ? 

(a) They will never come out of the magnetic field 
region. 

(b) They will come out travelling along different 
inclined paths. 

(c) They will come out at the same time. 

(d) They will come out at different times. 

* 

Answers 


1. (b) 

2. (a) 

3. (b) 

4. (a) 

5. (c) 

6. (b) 

7. (b) 

8. (c) 

9. (c) 

10. (d) 

11. (a) 

12. (d) 

13. (c) 

14. (a) 

15. (b) 

16. (d) 

17. (b) 

18. (c) 

19. (c) 

20. (b) 

21. (b) 

22. (d) 

23. (b) 

24. (b) 

25. (d) 

26. (d) 

27. (a) 

28. (d) 

29. (c) 

30. (d) 




Solutions 

1. Vernier constant (V.C.) = 1 mm 
mm. 

1= 12 mm + 2 x V.C. 

= 12 mm + 2 x o.l mm 
= 12.2 mm = 1.22 cm 




mm. = 0.1 


4.832# , 

Density (p) = -—r- = 2.661 g cm 3 

(1.22 cm) 

Since the least accurate quantity (namely I) has 3 
significant figures, the value of p is rounded off to 3 
significant figures. Hence p = 2.66 g cm 3 


2. The velocity at a height h is given by v 2 = a 2 + 2gh. 
For downward motion, u = 0 and the value of# is 
negative and h becomes more and more negative. 
Hence v" increases with h. Since the velocity vector 
is directed downwards, v becomes more and more 
negative. Since zr oc h, the graph of v versus h is 
parabolic. Hence graphs (e) and (d) are wrong. For 
upward motion, zr = u + 2gh. Here # is directed 
downwards and h is positive. Consequently, zr 
decreases with h . Since the direction of the velocity 
vector is positive, v becomes less and less positive. 
Here also the variation of v with /? is parabolic. Since 
v becomes less and less positive, graph (b) is not 
correct. Hence the correct choice is (a). 

3. Given x = a cos (pi) (1) 

y = b sin (pt) (2) 

2 2 

From (1) and (2) — + ^— = cos 2 (pt) + sin 2 (pt) = 1 

a 2 b 2 


Hence the path of the particle is an ellipse. 

Let the position vector of the particle at time t be 

A /\ 

r = xi + yj 

, 7 , . - dr dx * dy - 

.*. Velocity v = — = —/H-/ 

dt dt dt 


v = -c/p sin (pt)i + bp cos (pt) j 


At t= n!2p , v= -ap sin 


/ K x 


v z ; 


/ + bp cos 




= -api 

Acceleration a = -ap 2 cos (pt)i - bp 2 sin (pt) j 

— -j '*• 

At t = n!2p, a = -bp~ j 

—» —» /A A \ 

At t = n!2p, v-a = ahp ' y • j) = 0 
Hence v± a 


It is easy to see that choice (c) and (d) are incorrect. 

4. When an external force is applied to move a body, 
the force of friction acts in the opposite direction. 
But when a body itself applies a force in order to 
move, the force of friction acts in the direction 
of motion. While pedalling, the external force is 
applied to the rear wheel and as a result the front 
wheel moves by itself. So, while pedalling, the 
force of friction by the ground acts in the backward 
direction on the forntwheel and in the forward 
direction on the rear wheel. When pedalling is 
stopped, the force of friction by the ground acts in 
the backward direction on both the front and the 
rear wheels as long as bicycle remains in motion. 
So the correct choice is (a). 
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5. Let x be the length of the string lying on the surface 
on the table at an instant of time t. If an additional 
length dx of the string falls on the surface in time 
dt , the velocity v of this element when it strikes the 
surface is given by (v u = 0) 

v 2 = u 2 + 2gx = 0 + 2 gx 

or v 2 =2 gx (1) 

The total force on the surface is 

F= rate of change of momentum of element of length 
dx + weight of a length x of the string lying on the 
table. 

If m is the mass per unit length of the string, then 

d , , x dx 

r = —(mdxv) + mxg = rnv — 
dt dt 


+ mxg = nnr + mxg 


v- 


( 2 ) 
dx > 
~dtj 


Using (1) in (2) we get 

F = 2 mxg + mxg = 3 mxg 

But mx = M , the mass of the string lying on the table. 
Hence 

F= 3 Mg 
Thus n= 3. 

6. Let v B be the speed of the block just before it strikes 
the second incline. 

1 ? 

— m v B = mg x A D = mg x BD tan 60° 

=> v B = (2x l()x a/ 3 tan 60°) 1/2 = \/60 ms -1 

This velocity can be resolved into two components. 
v B cos 30° along the second incline and i^sin 30 c 
perpendicular to it (see the following figure) 

First Incline 



Second Incline 


In an inelastic collision, the perpendicular component 
becomes zero after the collision. Hence the speed of 
the block at point B immediately after the collision 

is v B cos 30° = 760 x — = 745 ms" 1 • 

2 

7. Let v c be the speed at C. From conservation of 
energy, gain in K.E. = loss in P.E., i.e. 


~^ mv c ~ = x = m S x EC tan 30 

=> v\ = v\ + 2g x 3V3 tan 30° 

= 45 + 2 x 10 x 3 n/ 3 x 4= = 105 

>/3 

=> v c = Vl05 ms' 1 . 


8 . 


1 kg 


5 kg 



1 kg 


u 

(at rest) 

Before Collision 

5 kg 


2 ms -1 •+- 



-► v 


After Collision 

From conservation of linear momentum, 
u = 5 v - 2 
=> u + 2 = 5 v 

From conservation of kinetic energy, 
w 2 = 4 + 5v 2 

=> (m — 2) (m + 2) = 5 v 2 


( 1 ) 


(2) 


From Eqs. (1) and (2), we get 

u-2 = v (3) 

Solving Eqs. (1) and (3), we get u = 3 ms 1 and 
v = 1 ms" 1 . 

(a) Total momentum = 1 kg x 3 ms 1 = 3 kg ms 1 

(b) Momentum of 5 kg mass after collision 
= 5 kg x 1 ms 1 = 5 kg ms 1 

(c) Velocity of centre of mass is 


1 x u + 5 x 0 u I 


y CM” 


1 + 5 


= — = — ms 
6 2 


-1 


Kinetic energy of centre of mass is 


Kcm =7 (1 + 5) x 


mV 

v2> 


= 0.75 J 


(d) Total kinetic energy of the system is 

K= - x 1 x (3) 2 + 0 = 4.5 J 
2 

So the correct choice is (c). 

9. The angular momentum about O is 

4> = 4m +A/(^xg) 

Its magnitude is (*•’ and L CM = Ico 

L 0 = ho + MRv 
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co + MR x Rco (v v = Rco) 


= - MR 2 co 
2 

10. The acceleration of the centre of mass is 

gsin0 


a = 


1 + 


niR 


For a hollow cylinder I h = mR~ 

For a solid cylinder 7 V = — mR 2 

Since I h > I s , a h < a s . Hence the solid cylinder will 
reach the bottom before the hollow cylinder. From the 
principle of conservation of energy, kinetic energy at 
the bottom = potential energy (= tngh) which is the 
same for both the cylinders. 

11. At a certain instant of time let r be the radius vector 
of the satellite from the centre of its circular orbit. If 
the velocity of the satellite is v as shown in the figure, 
its angular momentum is given by 

L = r x (m\) 

Satellite 



fhe magnitude of angular momentum is 
L = mrv sin 9 

where 0 is the angle between vectors r and v. For a 
circular orbit, 6 = 90°. Therefore 

L = mrv (1) 

The gravitational force of attraction on the satellite 
is GMmir which provides the necessary centripetal 
force mirlr , i.e. 

GMm 


m v 2 


or (mrv) = m yjGMr 
From Eqs. (1) and (2), we have 

L = m yjGMr 


( 2 ) 


This gives the magnitude of angular momentum. The 
direction of angular momentum is perpendicular to 
the plane of the orbit. 


12. Due to the upward force of buoyancy on the block 
exerted by the liquid, the apparent weight of the 
block will be less than 2 kg. The hanging block 
exerts a downward force on the liquid (and the 
beaker) equal in magnitude to the upward buoyant 
force. Therefore, balance B will read more than 5 kg. 

13. The initial speed of efflux of the liquid at the hole at 
point B can be determined by applying Bernoulli’s 
theorem at the top (point A) of the liquids and at 
point B where the hole is punched. If v A and v B arc 
the speeds of the liquid at points A and B respectively, 
then from the equation of continuity, we have 


Av a =sv 


or 


V A = — 0 (v s«A) 

A 



Applying Bernoulli* theorem at points A and B , we 
get 


Pa + X ~ + dv 2 A +dg 


(H\ (H 

+ (2 d)g — 

K2) K ’*{2 

= P B + X -(ld)v\ + {2d)gh 

Now P A = P B = atmospheric pressure (P 0 ) and v A 
~ 0. Hence, we get 

P 0 + 0 + —clgH + dgH = P 0 + dv 2 B + 2dgh 
2* 

il/2 



(3 > 



-H-2h 

g 


12 J 



Which gives v B = 

14. The time taken by the liquid to fall through a vertical 
height /? is given by 


/ = 


2 /? 

g 


The horizontal distance .v travelled by the liquid in time 
/ moving with a constant horizontal velocity v B is 


x = v B t = 


LV 


/ 3 

-H-2h 
2 


g 

J J 


-,1/2 f 

X 


2h\i 


V g 


= [/? (3/7-4//] 


1/2 


(i) 
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Waves 1 and 2 meet at point P where they interfere. 
We know that when a wave is travelling in a rarer 
medium and gets reflected at the boundary of a 
denser medium, it undergoes a phase change of k 
or a path change of A/2. Thus wave 1 has an optical 
path of = A/2. Wave 2 travelling from P to Q in the 
layer of refractive index 1.8 gets reflected at Q from 
the boundary of glass of refractive index 1.5. Thus 
wave 2 travelling in a denser medium is reflected 
from the boundary of a rarer medium undergoes no 
phase change due to reflection. Therefore, Optical 
path for wave 2 from P to Q and from Q to P in the 
layer is 

A 2 = refractive index of layer x 2{PQ) 

= p 2 x2t = 2p 2 t 

Optical path difference between waves 1 and 2 
at point p is 

A = A 2 -A, =2 n 2 t- j 


Now, for constructive interference, A = nA; n = 0, 1, 

2 , ... 


or 


2 fi 2 t - — = nX or 2 fi 2 t = 


1 

n H— 


( 


r 

n + 


or 


t = 


2jU; 


The minimum value of t corresponds to n = 0. Hence 


A 

min “ 4 ii 2 


648 nm 
4x1.8 


= 90 nm. 


28. Speed of photon (c) = 3 * 10 s ms '. Let A be the 
wavelength of the photon. The dc Broglie wavelength 

of the electron = 

mv 

Given A = —. Now 
mv 


29. N = N 0 e' Al 


Therefore 


dN 


dt 


= - A N 0 e h . 


dN 


In 


dt 
dN 


dt 


The slope of the graph is = 
, 1 

k = — per year 


= AN 0 e^ 


= In (A N 0 ) - Xt 

4-3 1 


4-6 


Half left T, l2 = ^ - = 1.386 year 

1/2 1/2 J 

4.16 

Number of half lives = - =3 

1.386 

Hence p = (2) 3 = 8 

30. The electron and the proton will come out travelling 
along parallel paths after completing their semicircles 
as shown in the following figures. 

Electron 



X 

X 

X 

X 


> 

) x 

X 

X 


jx/ 

I 

X 

X 

X 


X 

X 

X 

X 



1T\X X X 

X X 

X X 

X X 


K.E.of photon 
K.E.of electron 


hv 


1 ? 

mv 

2 


2 he 
mv 2 X 


2c 

v 

2 x 3 x 10 s 
1.5xI0 8 


■ 

V 




mv 

Since r = —,r p >r e 

The time after which a charged particle comes out is 
given by 

Km 

t - - 

qB 

Since m p > m c and q and B are the same, t p > t e . 
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8. This question contains Statement-1 and Statement-2. 
Of the four choices given after the statements, choose 
the one that best describes the two statements. 
Statement-1: For a mass A/kept at the centre of a 
cube of side ‘ a\ the flux of gravitational field passing 
through its sides is 4k GM. 

And 

Statement-2: If the direction of a field due to a point 
source is radial and its dependence on the distance 

V from the source is given as —, its flux through 

r 

a closed surface depends only on the strength of the 
source enclosed by the surface and not on the size or 
shape of the surface. 

(a) Statement-1 is true, Statement-2 is false. 

(b) Statement-1 is false, Statement-2 is true. 

(c) Statement-1 is true, Statement-2 is true, 

Statement-2 is correct explanation of Statement-1. 

(d) Statement-1 is true, Statement-2 is true; 

Statement-2 is not correct explanation for 
Statement-1. 


Questions 9 and 10 are based on the following 
passage. 

A container of large uniform cross-sectional area A 
resting on a horizontal surface, is filled with two non¬ 
mixing and non viscous liquids of densities d and 2 d, each 
to a height H !2 as shown in the figure. A tiny hole of cross- 
sectional area a («A) is punched on the vertical side of the 
container at a height h = 77/4. 



9. The horizontal range x of the liquid initially is 
(a) H (b) E 

(c) E (d) 

2 



10. The height h of the hole from the ground for which 
the horizontal range x is maximum is 


(a) 

2H 

3 

(b) 

(c) 

3 H 

(d) 


3/7 

2 

// 

T 


11. The temperatures of the two outer surfaces of a 
composite slab, consisting of two materials having 
coefficients of thermal conductivity K and 2 K and 
thickness * and 4.v, respectively, are T 2 and T { (T 2 > 
7’,). The rate of heat transfer through the slab, in a 


steady state is 


a{t 2 -t,)k 


X 


f with/equal to 




4x 



12. A diatomic ideal gas is used in a Carnot engine as the 
working substance. If during the adiabatic expansion 
part of the cycle, volume of the gas increases from V 
to 32 V the efficiency of the engine is 

(a) 0.5 (b) 0.75 

(c) 0.99 (d) 0.25 

13. The mean translational kinetic energy of 1 mole of 
hydrogen at S.T.P. is (density of hydrogen at S.T.P. 


= 0.09 kgm -3 ) 
(a) 2.4 x 10 3 J 
(c) 4.4 x 10 3 J 


(b) 3.4 x 10 3 J 
(d) 5.4 x 10 3 J 


14. A particle of mass m executes simple harmonic 
motion with amplitude a and frequency v. The 
average kinetic energy during its motion from the 
position of equilibrium to the extreme position is 


(a) 7T mcf v“ 


(c) 4 it ma 2 v 2 


(b) — ma 2 v" 
4 

(d) 2 tT ma 2 v 2 


15. While measuring the speed of sound by performing 
a resonance column experiment a student gets the 
first resonance condition at a column length of 
18 cm during winter. Repeating the same experiment 
during summer, he measures the column length to be 
x cm for the second resonance. Then 


(a) 36 cm > x > 18 cm 

(b) 18 cm > xs 

(c) x > 54 cm 

(d) 54 cm >*>36 m 

16. An electric dipole is placed at an angle of 30° to a 
non-uniform electric field. The dipole will experience 

(a) a torque as well as a translational force 

(b) a torque only 
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(c) a translational force only in the direction of the 
field 

(d) a translational force only in a direction normal to 
the direction of the field 

17. A parallel plate capacitor with air between the plates 
has a capacitance of 9pF. The separation between 
its plates is 7/'. The space between the plates is 
now filled with two dielectrics. One dielectric has 

dielectric constant k , = 3 and thickness — while the 

3 

order one has dielectric constant k-, = 6 and thickness 
2d 

— . Capacitance of the capacitor is now 

(a) 40.5 pF (b) 20.25 pF 

(c) 1.8 pF (d) 45 pF 

Questions 18 and 19 are based on the following 
paragraph. 

Consider a block of conducting material of resistivity 
4 p’ shown in the figure. Current 7’ enters at ‘A' and leaves 
from 4 D’. We apply superposition principle to find voltage 
4 AK’ developed between 4 B’ and ‘C\ The calculation is 
done in the following steps : 

(i) Take current 7’ entering from ‘A' and assume 
it to spread over a hemispherical surface in the 
block. 

(ii) Calculate field E (r) at distance 7*’ from A by 
using Ohm’s law E = pJ. Where J is the current 
per unit area at V’. 

(iii) From the 7*' dependence of E (r). Obtain the 
potential V(r) at r. 

(iv) Repeat (i), (ii) and (iii) for current 7’ leaving ‘D’ 
and superpose results for ‘A’ and 4 D\ 


/ AV r 



18. AV measured between B and C is 


(a) 

pi 

(b) 


4k r~ 


(c) 

Pi 

2 

(d) 


pl 


8 Kr‘ 

pi 

2 ki- 


IO. A magnetic needle lying parallel to a magnetic field 
requires W units of work to turn it through 60°. The 
magnitude of torque needed to maintain the needle 
in this position will be 

(a) V3 W (b) W 

( 

(c) — W (d) 2 W 


21. In an a.c. circuit the voltage applied is E = E 0 sin cot. 
The resulting current in the circuit is 

/ = / 0 sin |cot - —j. The power consumption in the 

circuit is given by 

(a) p — (b) P = zero 

V2 

(c) p = Ml (d)P=J2E 0 I 0 

2 


22. Which of the following pairs of space and time varying 

E (=i£ r +j£ v +k£_-) and B (= iB x + \B y + kfi,) 
would generate a plane electromagnetic wave 


travelling in the z-direction? 

(a) E x , B z (b) E r B z 

(c) E z , B x (d) E x , B y 

23. A student measures the focal length of a convex lens 
by putting an object pin at a distance 7/’ from the 
lens and measuring the distance 4 v ’ of the image pin. 
The graph between 4 ir and 4 v' plotted by the student 
should look like 


v (cm) 



v (cm) 



(b) 


(a) 

pi 


(b) 

Pi 

pi 

2n (ti¬ 

b) 

KCl 

n(a + b) 

(c) 

pi 

pi 

(d) 

Pi 

pi 

a (a + b) 

2 na 

2k (a + b) 

For 

current entering 

at A, the 

electric field at 


distance 4 r from A is 


v (cm) v (cm) 




(c) (d) 


Copyrighted material 




P-111.4 Complete Physics—JEE Main 


24. In Young's double slit experiment, the intensity at a 
point P on the screen is half the maximum intensity 
in the interference pattern. If the wavelength of light 
used is A and d is the distance between the slits, the 
angular separation between point P and the centre of 
the screen is 

f A^ 


(a) sin 


-l 


u 



(c) sin 


( A 


V3 d 


(d) sin 


-l 


A > 


Ad) 


25. If the kinetic energy of a free electron doubles, its 
de-Broglive wavelength becomes 

(a) half (b) twice 



1 

vf 


times 


(d) times 


26. If 13.6 eV energy is required to ionize the hydrogen 
atom, the energy required to remove the electron 
from n = 2 state is 

(a) 10.2 eV (b) Zero 

(c) 3.4 eV (d) 6.8 eV 


27. When U-238 nucleus originally at rest, decays by 
emitting an alpha particle having a speed //, the recoil 
speed of the residual nucleus is 

✓ x 4u 4w 

(a) — ( b ) 


238 


234 



Au 

234 



Au 

238 


28. When a pn junction diode is forward biased. 

(a) the depletion region is reduced and barrier height 
is increased 


(b) the depletion region is widened and barrier height 
is reduced 

(c) both the depletion region and barrier height are 
reduced 

(d) both the depletion region and barrier height are 
increased 


29. Two ideal junction diodes D, and D 2 arc connected 
to a battery as shown in the Figure. The current 
supplied by the battery is 


D i ion 



(a) 0.25 A (b) 0.5 A 

(c) 0.75 A (d) zero 

30. Which mode of communication is employed to 
transmit very high frequency (VHF) and ultra high 
frequency (UHF) signals? 

(a) Ground wave propagation 

(b) Sky wave propagation 

(c) Space wave propagation 

(d) None of the above 


Answers 


1. (b) 

2. (b) 

3. (a) 

4. (c) 

5. (d) 

6. (a) 

7. (a) 

8. (c) 

9. (b) 

10. (c) 

11. (a) 

12. (b) 

13. (b) 

14. (a) 

15. (c) 

16. (a) 

17. (a) 

18. (b) 

19. (d) 

20. (a) 

21. (b) 

22. (d) 

23. (d) 

24. (d) 

25. (c) 

26. (c) 

27. (c) 

28. (c) 

29. (b) 

30. (c) 




Solutions 

1. Momentum = mv = [MLT 1 ] 

E ML 2 T -2 

Planck’s constant h = — = - -r~ 

v T" 1 

= [ML 2 T _1 ] 


Give A + B = 18 

(0 

12 = y]A 2 + B 2 + 2AB cos 0 

(H) 

B sin 6 

and tan a = 

A + B cos 6 



B sin 6 

=> tan 90° = -- 

A + B cos 9 

=> A +B cos 6=0 

a A 
cos 0 =- 

B 

Using this in (ii), 12 = Vfi 2 - A 1 

=> \AA = B 1 -A 2 = (B + A)(B-A) 

Using (i), 144= 18 (B - A) 

144 

=> B - A = -= 8 (iii) 

18 

From (i) and (iii) we get A = 5N and B = 13 N 
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3. The person will catch the ball if the horizontal range 
= distance covered by the person in the time of flight, 
i.e., if 

n u 

R = —xt f 
2 J 

u 2 sin (29) u 2usin0 

=> - = -x- 

S 2 g 

=> cos 0 = - => 0 = 60° 

2 

4. From the free body diagram of the man 

T - mg = ma 

=> 

m 


a 


man 


T max ~ m i 

m 

360-60x10 

- = - 4 ms 

60 



T 


J 


m 




mg 



Man 


Negative acceleration implies that the man must 
climb down the rope. 

5. The correct choice is (d). The partile moves in a cir¬ 
cle with a constant speed and hence with a constant 
kinetic energy. 

6. The momentum is maximum when kinetic energy is 
maximum. This happens when the entire potential 
energy of the compressed spring is transferred to the 
block, i.e. when 


- kL 2 = - Mv 2 
2 2 


here v is the maximum velocity imparted to the block 
and L is the length of the spring. Thus 

Mv 2 = kL 2 

=> MV = MkL 2 

=> p 1 = MkL 2 

=> p - L J~Mk 

= 0.5 + V4x4 
= 2 kg ms 1 

7. The moment of inertia of the system about axis XY is 
/ = m at A x 0 + m at B x (BE) 2 + m at C x 


8. Statement-2 is Gauss’s theorem in gravitation. 
Gauss’s theorem holds for any field which obeys Mr 1 
dependence. Just as electric field intensity due to a 
charge Q at a distance r from it is given by 


47T £ 0 r 2 

the gravitational field intensity due to a mass M at a 
distance r from it is given by 

/ = GM 
r 2 

Thus mass M plays the same role in gravitation as 
charge O docs in electrostatics. Further constant G 
is analogous to constant 1/4 tt£ 0 . From Gauss’s theo¬ 
rem in electrostatics, electric flux through a closed 
surface is given by 


Q 



where Q is the charge enclosed in the surface. 
Replaced O by Mand f 0 by 1/4 kG, the gravitational 
flux through a closed surface will be 



M 

1/4 kG 


= 4kGM 


9. 


where M is the mass enclosed in the surface. Hence 
statements 1 and 2 are true and statement 2 is the 
correct explanation for statement-1. So the correct 
choice is (c). 

Let v x be the initial velocity of the fall of liquid level 
in the container and v 2 the velocity of efflux from the 


hole. Then Av x = av 2 or u, = 



v 2 since a «A, 
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mcrar ( T A 
—+ 0 


T 

2 


ma ( 2 ttv) _ 2 2 


= 7T ma 


v 2 


15. Let v be the speed of sound in winter and v'in sum- 


v 


mcr. For First resonance: — = N , the frequency of 
tuning fork. 


For second resonance: 


3z/_ 

4.x 


= N . Hence 


v _ 3v' 
41 4x 


f 


x = 3/ 


v 


V 




— = (3 X 18 cm) — 

V v ) V v ) 


V 


' \ 


= 54 cm x I — 
v J 

As the speed of sound increases with temperature, v' 
> v. Hence x > 54 cm. 

16. The correct choice is (a) 

SnA 


17. Given C 0 = 


_ c o^ _ 


= 9 pF 


C, = 



d/3 d/3 


= 9 C 


c = k 2 £ 0 A _ 6 e 0 A _ 9e 0 A =gc 
2 2d H 2d 12 d 0 

Capacitors C, and C 2 are in series. The equivalent 
capacitance is 

C.C, 9C n x9Cn 9 f 

r -o 


C = 


1^2 _ ~ '^0 _ _q 


c, + c 


18 C 


o 


= - X 9pF = 40.5 pF 

pi dV 

18. E= pJ= -^r.Also E= - 


dV=- Edr 


2nr z dr 

Therefore, potential difference between B and C due 
to current at A is 


B 


r--[Edr=-eL f ^ 


dr 


PL 

2n 


a 


Pi 


Pi 


(a+i) 2K(a + b) 


Similarly, potential difference between B and C due 

pi pi 

to current at D is V =-. 

2k a 2 n(a+b) 

From superposition principle, the potential differ¬ 
ence between B and C due to current at A and at D is 


AV= V+ V'= £l 


pl 


na K(a + b) 


Pi 


19. E = pJ 


2 nr 


20. W = MB (\-cos 0) 

= MS (1 - cos 60°) = 

=> MB =2 W 
Magnitude of torque is 
T= MB sin 9 


MB 


V3 


A K 

v d) = — 
2 


= 2 W sin 60° = 2Wx— = yf3W 

2 

21. Phase difference between voltage E and current I 

K 

is 0 = — fhe time-averaged power consumption is 
given by 

< P > = 4ms £rms COS </> = 0 

22. The correct choice is (d) 

23. For a convex lens forming a real image, 

1 + 1 _ 1 fii 

V u f u -f 

Also, for a real image u > f From — + — = — it fol- 

v u f 

lows that as a increases, v decreases as / remains 
constant. Hence the correct graph is (d). 

24. If 8 is the phase difference between the interfering 
waves at point P, then the intensity at point P is given 
by 

, , 7 ts 

1 = Anax cos 


Given /=-^. Hence 
2 

2 (S\ 1 . 8 n 

cos — = — , which gives — = — 

\ 2 ) 2 24 


c 71 
or d = — 

2 
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IV 


1. An electromagnetic wave travels with a speed v in 
a medium of permittivity e and permeability ja. The 
dimensions of fAe are the same as those of 

(a) v ] (b) v 

(c) V ~ 2 (d) V 2 

2. The displacement x (in metre) of a particle moving in 
one dimension under the action of a constant force, 
is related to time t (in second) as 

t = yfx + 3 

The displacement in metre of the particle when its 
velocity is zero is 

(a) zero (b) 3 

(c) V3 (d) 2 

3. A ball is projected vertically upwards with a certain 
initial speed. Another ball of the same mass is 
projected at an angle of 60° with the vertical with 
the same initial speed. At the highest point, the ratio 
of their potential energies will be 

(a) 4:1 (b) 3 : 2 

(c) 2:3 (d) 2 : 1 

4. The pulleys and strings shown in the figure arc 
smooth and of negligible mass. For the system to 
remain in equilibrium, the angle 6 should be 



5. A particle, which is constrained to move along the 
jc-axis, is subjected to a force in the same direction 
which varies with the distance x of the particle from 
the origin as F(x) = -kx + ax 3 . Here k and a are 
positive constants. For x > 0, the functional form of 
the potential energy (J(x) of the particle is 


U(x) 


U(x) 







(c) (d) 

6. A sphere is rolling without slipping on a fixed 
horizontal plane surface. In the figure, A is the point 
of contact, B is the centre of the sphere and C is its 
topmost point. Then, 



A 

(a) Vc-Va=2(Vb-Vc) (b) V C -V B = V B -V A 
(c) \Vc-Va\ = \Vb-Vc\ (d) \Vc-V A \ = 2\Vs\ 
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16. Three rods made of the same material and having the 
same cross-section have been joined as shown in the 
figure. Each rod is of the same length. The left and 
right ends are kept at 0°C and 90°C respectively. The 
temperature of the junction of the three rods will be 

. 90°C 



(a) 45 °C (b) 60 °C 

(c) 30 °C (d) 20 °C 

17. Three concentric metallic spherical shells of radii R, 
2 R, 3 R are given charges Q { , Q 2 , Q 3 , respectively. It 
is found that the surface charge densities on the outer 
surfaces of the shells are.equal. Then, the ratio of the 
charges given to the shells, Q x : Q 2 : Q 3 is 

(a) 1:2:3 (b) 1:3:5 

(c) 1:4:9 (d) 1:8:18 

18. The potential difference across the 3 £1 resistor 
shown in the figure is 

(a) zero (b) 1 V 

(c) 3.5 V (d) 7 V 



i-1—VWv— 1 - 1 

3Q 

19. In the given circuit it is observed that the current / is 
independent of the value of the resistance R e . Then 
the resistance values must satisfy 


*5 



(a) R\R 2 R$ R 2 R 4 Rfr 

/u , 1 1 1 1 

(b) -1-—-1- 

r 5 r 6 r } +r 2 r 3 + r 4 

(c) R ] R 4 = R 2 R 3 

(d) R l R 3 = R 2 R 4 = R 5 R 6 


Questions 20 and 21 are based on the following 
paragraph. 

The region between x = 0 and x = L is filled with a 
uniform, steady magnetic field B 0 k . A particle of mass 

A 

m, positive charge q and velocity v 0 i travels along .v-axis 
and enters the region of the magnetic field. Neglect gravity. 

20. The force experienced by the charged particle in the 
magnetic field is 

(a) along the positive ^-direction 

(b) along the negative ^-direction 

(c) in the x-y plane 

(d) in the y-z plane. 

21. If the particle emerges from the region of magnetic 
field with its final velocity at an angle of 30° to its 
initial velocity, the value of L is 


(a) 

2mv 0 

<7*0 

(b) 

mv Q 

C I B 0 

(c) 

mv 0 

(d) 

V3 mv 0 

2qB, 

2qB 0 


22. A short-circuited coil is placed in a time-varying 
magnetic field. Electrical power is dissipated due to 
the current induced in the coil. If the number of turns 
were to be quadrupled and the wire radius halved, the 
electrical power dissipated would be 

(a) halved (b) the same 

(c) doubled (d) quadrupled 

23. Statement-1. 

If the current in a straight conductor increases from 
A to B , the direction of the current induced in the coil 
will be anticlockwise. 



Statement-2 

According to Lenz's law, the direction of the induced 
current is such that it opposes the change which 
produces it. 

(a) Statement-1 and Statement-2 are both true 
and Statcmcnt-2 is the correct explanation of 
Statement-1. 

(b) Statement-1 and Statement-2 are both true but 
Statcmcnt-2 is not the correct explanation of 
Statement-1. 

(c) Statement-1 is false, Statement-2 is true. 

(d) Statement-1 is true, Statement-2 is false. 
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from relation (i) by putting t = 3 s which gives .v (at 
/ = 3 s) = (3 ) 2 - 6x3+9 = 0. Hence the net 
displacement of the particle is zero when its velocity 
is zero, i.e. the particle returns to its starting position, 
where its velocity is zero. 

3. The maximum height attained by the first ball is 

2 


h t = 


u 


2 g 


where u is the initial speed of projection. The 
maximum height attained by the second ball is (v 6 
= 90°-60° = 30°) 

L _ u 2 sin 2 (30°) _ u 2 

fly — - — - 

2 g 8 g 

Now, PE of ball 1 at height h x = nigh , and that of 
ball 2 at height h 2 = mgh 2 . Therefore, the ratio of 


. . . /?! U 2 

potential energies = — = —x 


= 4. 


h 2 2 g u~ 

4. Let Tbc the tension in the string. When the system is 
in equilibrium, then for the two equal masses m, we 
have (see figure) 

T = mg (1) 

and for the mass \fl m, we have 

2 T cos 6 = mg ( 2 ) 

1 

Dividing (2) by (1), we get cos 6 = or 0=45° 

T= mg 



5. The potential energy of the particle is given by 
U = J Fdx = — J (-Ax + ax 3 ) dx 


or 


r 2 v 4 v 2 

U = k- -a — = — (2 k-ax 2 ) 

2 4 4 


(1) 


From Eq. (1) it follows that U = 0 at two values of 
x which are x = 0 and x = yjlk/a . Hence graphs 
(b) and (c) are not possible. Also U is maximum or 

minimum at a value of x given by = 0 , i.e. 


d 

0 = ^ 


kx‘ 


ax 


A > \ 




dx 


= kx - ax' 


or 


2 4 

/ 

= x(k - ax 2 ) 

x = yjk/a • At this value ofx, 


U is maximum if 


d 2 U 

dx 2 


< 0 , 


Now d = — (kx - ax 3 ) = k - 3 ax 2 . 
dx 2 dx 


At 


x = ylk/a , 

HL-k-ia k - 


dx' 


a 


= k - 3A = - 2k, which is negative. 

Hence U is maximum at x = \lk / a . 

Hence graph (a) is also not possible. Also U is 

negative for x > yj2k l a . Therefore, the correct 

graph is (d). 



V A = 0, Let V B = Vi , then V c = 2 Vi 
Vc-V A =2Vi-0 = 2Vi 
Vc-Vb = 2 Vi - Vi = Vi 

A 

Vb-Vc =~ Vi 

Vb-Va = Vi 
The correct choice is (b). 

M 

7. Mass per unit area of the disc = - 7 . Therefore, 

kR 2 

mass of the removed portion (hole of radius R/3) is 

M ( 

m = -— x k 

kR 2 \ 

The moment of inertia of the complete disc about an 
axis passing through its centre O and perpendicular 
to its plane is 

/ = - MR 2 
2 

Using the parallel axes theorem, the moment of 
inertia of the removed portion of the disc about the 
axis passing through O and perpendicular to the 
plane of the disc is 

I'= Ml of mass m about 0'+ m x OO' 


RY _M_ 
3j ~ 9 



+ m x 
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in (Zo - L |) is ± 0.2 (for maximum error, the errors 
in individual measurements add up). Thus L 2 - L x 
- (53.1 - 17.7) = 35.4 cm. Hence L 2 -L x = (35.4 ± 
0.2) cm. Using this in Eq. (3), we have 
v = 2 x 480 x (35.4 ± 0.2) = (33984 ± 192) cms" 1 
Hence maximum error = 192 cm s 1 


14. Mass of 2 litres of water = 2 kg. Heat energy needed 
to raise the temperature of 2 kg of water from 20°C 
to 75°C is 

Q = 2 x (4.2 x 10 3 ) x 55 =4.62 x 10 5 J 

If t is the time taken, heat energy supplied by the 
heater in time t is 

= (power x time) =1000 / joule 

Heat energy lost in time t is 
0 2 = 160 /joule 

Heat energy available for heating water is 

Q' = Q\-Qi = 840 J 
Equating Q = Q', we get / = 550 s. 


15. Process A —> 8 occurs at constant pressure. Hence 
the work done in this process is (see figure). 

W AB =PdV=P(V 2 -V l ) 

= 10 x (2- 1) = 10 J 


Process B —> C, occurs at constant volume. Hence 
W BC = 0. Given Q = 5 J, i.e. total work done is W, 
= 5 J. Therefore, we have 

w AB +w BC +w CA 

or 5 = 10 + 0 + W CA 

or W CA = - 5 J, which is choice (a). 

16. Let A and / be the area of cross-section and the 
length of each rod. If k is the coefficient of thermal 
conductivity and t°C the temperature of the junction 
O, then the rates at which heat energy enters O from 
rods A and B are 


and 


Qa = 
Qb = 


kA (90 - 1) 
/ 

kA (90 - 1) 

~T 


The rate at which heat energy flows in rod C is 



In the steady state, rate at which heat energy enters 
O = rate at which heat energy leaves O, i.e. 

O a + Qb = Qc 


kA {90-t) kA (90 - t) _ kA (t - 0) 

° r / + / ” / 
or (90 - /) + (90 - /) = / 
or 3/= 180 or / = 60°C. 

1 7. Charge Q } on shell 1 induces a charge - Q\ on the 
inner surface of shell 2 and a charge + Q x on its 
outer surface, so that the total charge on the outer 
surface of shell 2 is (Q , + Q 2 ). This charge induces 
a charge - (Q l + Q : ) on the inner surface of shell 3 
and a charge + (Q ] + Q 2 ) on its outer surface so that 
the total charge on the outer surface of shell 3 is (0 ] 
+ Q 2 + Qi) as shown in the figure. Given 

(J\ = <J 2 = 0*3 


^ __Q L _ = _(Q 1 ±Q2±_ (01+02+03) 

4 7t£ 0 R 2 4 x£ 0 (2R) 2 4k£ 0 (3R) 2 

Solving we get Q A =3 0 2 = 5 Q$ 

18. The two sub circuits are closed loops. They cannot 
send any current through the 3 Q. resistor. Hence the 
potential difference across the 3 Q resistor is zero, 

19. Since no current flows through R 6 , resistances /?,, 
R 2 , R 3 and R 4 constitute the four arms of a balanced 
Wheatestone’s bridge. Hence 


—- = — or /?, R 4 = Rn Ri 

R 2 R 4 “ 

20. The force experienced by the charged particle is 
given by 

F = q{\ xB) = q(v 0 i ) X (B 0 k ) 


= qv 0 B 0 { ixk) 

= qv 0 B () {-}) (1) 

The force is along the negative ^-direction, which is 
choice (b). 

21. Refer to the following figure. 
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The particle describes a circle of radius 


mv o 

qB, 



Since the particle emerges from the region of the 
magnetic field with the velocity vector making an 
angle of 30° with the initial vector, it follows from 
triangle ABC that 

AB = AC sin 30° 


or L = r sin 30° 

//?i> 0 sin30 o _ mv 0 
qB n 2qB 0 



22. The magnitude of the induced voltage is proportional 
to the rate of change of magnetic flux which, in turn, 
depends on the number of turns in the coil, i.e. V oc 
n. The resistance of a wire is given by 


pl 

R = — j or R oc 

Kr 



Here p is the resistivity of the 


material of the wire. 


Power P = 



R ~ Hr 2 


or 


P oc 




/ > 

2 

/ \ 

2 

( / \ 

I /7 2 


r 2 ^ 


l\ 


X 

— 

X 


V " 1 } 


1 r \ ) 


UJ 



Now, if a wire of length /j and radius r, is stretched 
to a length l 2 such that its radius reduced to r 2 , then 
(since the mass of the wire remains constant) 

m = Kr i l\d= nr\l 2 d (d is the density) 


h 



/% 


/*. 


1 J 


f n^ 


\*h j 


. Using this in Eq. (1), we get 





th r 2 1 

Given — = 4 and — = —. Using these values, we get 
«i r \ 2 



B 


C 


For total internal reflection at surface AB , angle Q 
must be greater than or equal to the critical angle /, 
given by 


sin /,= 


th = ^2 

Vi 2 


1 

72 


which gives /', = 45° 

For total internal reflection at surface CD, angle 6 
must be greater than or equal to the critical angle i 2 
given by 


sin z 2 - 


P\ 



which gives i 2 = 60°. 

I fence, for total internal reflection at both the surfaces 
AB and CD, the minimum value of 0 - 60°. 

25. Two rays 1 and 2 from the object placed at O fall 
normally on the spherical surface and go through 
undeviated (see Fig.). The divergent rays 1 'and 2' 
appear to come from O. Hence the virtual image is 
formed at the centre O, which is at a distance of 6 
cm from the surface of the sphere. Hence the correct 
choice is (b). 




if = (4)‘ 


23. Statement-2 is correct. According to Lenz’s law, the 
induced current in the coil should be clockwise. So 
Statement-1 is false and Statement-2 is true. 


26. Let the /?th dark fringe of wavelength X n and the / 77 th 
dark fringe of wavelength X w coincide at a distance 
v from the centre of the screen, then 


y 



K,D 



(1) 
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1. Two full turns of the circular scale of screw gauge 
cover a distance of 1 mm on its main scale. The 
total number of divisions on the circular scale is 50. 
Further, it is found that the screw gauge has a zero 
error of - 0.03 mm. While measuring the diameter of 
a thin wire, a student notes the main scale reading of 
3 mm and the number of circular scale divisions in 
line with the main scale as 35. The diameter of the 
wire is 

(a) 3.38 mm (b) 3.32 mm 

(c) 3.73 mm (d) 3.67 mm 

2. A Vernier calipers has 1 mm marks on the main scale. 
It has 20 equal divisions on the Vernier scale which 
match with 16 main scale divisions. For this Vernier 
calipers, the least count is 

(a) 0.02 mm (b) 0.05 mm 

(c) 0.1 mm (b) 0.2 mm 

3. A particle starts from rest. Its acceleration at time 
t = 0 is 5 ms " which varies with time as shown in the 
following figure. The maximum speed of the particle 
will be 

(a) 7.5 ms” 1 (b) 15 ms 1 

(c) 30 ms 1 (d) 37.5 ms -1 


a 



4. A ball is released from rest from the top of a tower 
of height /? metre. It takes T seconds to reach the 


ground. What was the height of the ball from the 
ground in T/3 seconds? 

(a) - (b) — 

9 9 


(c) 


8/7 

9 


(d) 


17/7 

18 


5. A parachutist after bailing out falls 50 m without 
friction. When he opens the parachute, he decelerates 
at 2 ms 2 . He reaches the ground with a speed of 3 
ms -1 . At what height did he bail out? 

(a) 91 m (b) 182 m 

(c) 293 m (d) 111 m 

6. A body moving in a circular path with a constant 
speed has a 

(a) constant velocity 

(b) constant momentum 

(c) constant kinetic energy 

(d) constant acceleration 

7. A particle moves in the x - y plane under the 
influence of a force such that its linear momentum is 

p(t) = A[i cos ikt) — j sin (kt)\ 
where A and k are constants. The angle between the 
force and momentum is 


(a) 0° (b) 30° 

(c) 45° (d) 90° 

8. The following figure shows the position -time (x - t) 
graph of one-dimenstional motion of a body of mass 
0.4 kg. The magnitude of each impulse is 

(a) 0.4 Ns 

(b) 0.8 Ns 

(c) 1.6 Ns 

(d) 0.2 Ns 
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26. A circuit is connected as shown in the following 
figure with the switch S open. When the switch is 
closed, the total amount of charge that flows from Y 
to X is 

(a) 0 (b) 54 gC 

(c) 27 gC (d) 81 gC 

3|iF 6 gF 



27. This question contains Statement-1 and Statement-2. 
Of the four choices given after the statements, choose 
the one that best describes the two statements. 
Statement-1: The temperature dependence of 
resistance is usually given as R = R 0 (1 + OfA/). The 
resistance of a wire changes from 100 Q to 150 
Q when its temperature is increased from 27°C to 
227°C. This implies that a= 2.5 x 10‘ 3 /°C 
Statement-2: R = R 0 (1 + oAt) is valid only when 
the change in the temperature At is small and A R = 

(R — Rq) « Rq. 

(a) Statement-1 is true, Statcment-2 is true; 
Statement-2 is not the correct explanation of 
Statement-1. 

(b) Statement-1 is false, Statement-2 is true. 

(c) Statement-1 is true, Statement-2 is false. 

(d) Statement-1 is true, Statement-2 is true, 
Statement-2 is the correct explanation of 
Statement-1. 

28. A long straight wire of radius a carries a steady 
current /. The current is uniformly distributed across 


its cross-section. The ratio of the magnetic field at — 
and 2a is 

(a) ]- (b) 4 

4 

(c) 1 (d) I 

29. A thin wire loop carrying a current / is placed in a 
uniform magnetic field 8 pointing out of the plane of 
the coil as shown in the following figure. The loop 
will tend to 



(a) move towards positive x-direction 

(b) move towards negative ^-direction 

(c) contract 

(d) expand 

30. The variation of induced emf with time in a coil if a 
short bar magnet is moved along its axis, (shown in 
the following figure, with a constant velocity is best 
represented as [see the next figure] 
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P 

q 

■r 




r 

q 

P 



38. A nucleus of mass number 220, initially at rest, emits 
an a-particle. If the Q value of the reaction is 5.5 
MeV, the energy of the emitted a-particle will 

(a) 4.8 MeV (b) 5.4 MeV 

(c) 6.0 MeV (d) 6.8 MeV 

39. If the binding energy per nucleon in 3 Li and ^He 

nuclei is 5.60 MeV and 7.06 MeV respectively, then 
in the reaction 

p+] Li -^He 
energy of proton must be 
(a) 1.46 MeV (b) 39.2 MeV 

(c) 28.24 MeV (d) 17.28 MeV 

40. In a common base mode of a transistor, the collector 
current is 5.488 mA for an emitter current of 5.60 
mA. The value of the base current amplification 
factor (jS) will be 


(a) 51 
(c) 49 


(b) 48 
(d) 50 


{'/>,% Answers 


1. (a) 

2. (d) 

3. (b) 

4. (a) 

Eq. (2), we have 

5. (c) 

6. (c) 

7. (d) 

8. (b) 

v = — 

^max 

9. (a) 

10. (d) 

11. (a) 

12. (a) 

_ 

13. (a) 

14. (d) 

15. (a) 

16. (c) 

4. Using S = at + — at 2 

17. (b) 

18. (a) 

19. (d) 

20. (d) 

2 

21. (a) 

22. (c) 

23. (b) 

24. (d) 

_/ J = 0 -Ig7^ ^ 

25. (c) 

26. (c) 

27. (b) 

28. (c) 

2 

29. (c) 

30. (b) 

31. (b) 

32. (d) 

If the ball travels a < 

have 

33. (b) 

34. (a) 

35. (a) 

36. (d) 

1 (T Y 

/?' = () -g - = 

37. (a) 

38. (b) 

39. (d) 

40. (c) 

2 \3 ) 


I'/'X Solutions 

1. Pitch of screw = ^ mm = 0.5 mm 


T 0.5 mm 

Least count = -= 0.01mm 

50 

Measured diameter = 3 mm + 35 x 0.01 mm 

= (3 + 0.35) mm = 3.35 mm 
Corrected diameter = measured diameter - zero 

error 

= 3.35 -(-0.03) = 3.38 mm 

2. Vernier constant = value of I main scale division - 
value of 1 vernier scale division. 

3. The slope of the line is m = -^ms per second 

and its intercept is c =5 ms . Usings = mx + c , the 

acceleration a (in ms : ) as a function of time t is 

given by ^ 

a = /+5 

6 


or 


or 


or 


dv 5 

— = — t + 5 
dt 6 


v = f — t + 5 \dt 

M 6 


v = 


12 


r + 5/ + k 


( 1 ) 


where k is the constant of integration. Since the 
particle starts from rest, v = 0 at t = 0. Using this in 
(1) we get k = 0. Hence 


5 2 c 
v =-r +5/ 

12 


( 2 ) 


It follows from the graph that the deceleration 
becomes zero at t = 6 s. Hence, the speed of the 
particle will be maximum at t = 6 s. Putting / = 6 s in 


5 o 
x( 6 )~ +5x6 


12 

= -15 + 30= 15 ms 


-1 


h = 


gT‘ 


h ’^ T 


18 
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h' 1 ,, h 

— = -=>/? = — 
h 9 9 

5. Let H be the height from the ground when the 
parachust bails out. The velocity after falling through 
h = 50 m is. 


v= J2gh = V2 x (-9.8) x (-50) = n/ 980 ms' 1 

directed downwards. After opening the parachute, 
he falls a distance (//- h). For this distance, initial 

velocity u = n/ 980 ms 1 , final velocity v = 3 ms 1 and 

acceleration a = -2 ms . 


H-h = 


v 2 -u 2 


9-980 971 


= 243 m 


2 a -4 4 

=> //= 243 + h = 243 + 50 = 293 m 

6. The correct choice is (c). 
dp 


7. F = 


d 


dt 


= — [A {/ cos (kt)- j sin(/:/)}] 
dt 

= Ak[-i s\n(kt)- j cos(£/)] 

Now F ■ p = Ak[—i sm (kt)- j cos(/cf)|. 

A \ i cos (kt)- j sin (kt)] 
=A 2 k [-sin (kt) cos (kt) + cos (kt) sin kt] 

/ A ^ ys ^ A A \ 

= 0(v i i — j ■ j — \ and i ■ j = 0) 

Hence the angle between Fand p is 90°. 

8. Velocity = slope of x - t graph. It is clear from the 
graph that the direction of the velocity of the body 
changes after every 2 seconds. Between t = 0 and 
t = 2 s, the velocity is 

2 ni 
V\= - 

1 2s 


= 1 ms" 1 


and between t = 2 s and / = 4s, the velocity is 

-2m 

v 2 = 2s = “ lms 

Magnitude of change in velocity 
Av = \v 2 -v x \=2 ms 1 

Magnitude of impulse = change in momentum 
= m Av = 0.4 x 2 = 0.8 Ns 

9. The principle of conservation of momentum holds 
for both elastic as well as inelastic collisions. In a 
completely inelastic collisions, the two particles 
stick together (Fig. P-62) 


m- 


m 2 


m i m 2 


ui 


u 2 


Before collision 


-► v 

After collision 


m, it j + m 2 u 2 = (m ] + m 1 )v 


m , m , + m-y u-> 

v = —-— - ±—± 

m , + m 2 


P\ +P 2 
m { + m 2 


• ♦ 1 J • t 

v K.E. after collision = — (m x + m 2 )v , which can be 

zero if v =0 which is possible if = -p 2 . 

This is not possible for two particles moving in the 
same direction. Hence the particles do not lose all 
their kinetic energy. So the correct choice is (a). 

10. Refer to Figure. 

OA = OB = OC = L and OD = L cos 0 
h = OA - OD = L- L cos 6 = L (1 - cos 6) 

From conservation of energy, 

total energy at A = total energy at C, i.c 



1 (v'f 
— m — 

2 \ 2 ) 


+ mgL (1 - cos 0) 


->8 qL 

v 2 = —— (1 - cos 0) 
3 


(1) 


The minimum velocity the bob must have at A so as 
to reach B is v = y]$gL . Putting this in Eq. (1), we 

get cos 0= — . Therefore 0 lies between — and n. 
8 4 


B 



11. Let M be the mass of the sphere. The mass of the disc 
will also be M. The moment of inertia of the sphere 
about its diameter is 



The moment of inertia of the disc about its edge and 
perpendicular to its plane is (using parallel axes 
theorem) 

I d =I cm + Mh 2 = Mr 2 + Mr 1 

= ~ Mr 2 
2 
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Given I s = I d . Hence, we have 

2 2 3 2 

- MR 2 = - Mr 
5 2 

which gives — = —. 

R Es 

12. From parallel axes theorem the moment of inertia 
about the axis passing through A and perpendicular 
to the plane of the square plate is 



l A = 7 CM = "E 


ma 


+ m 


/ \2 

/ \2 

a] 

fa\ 

- + 

- 

L V 2 / 

\2I J 


2 2 2 
ma ma 2m a 

-+ 


1 a IT mV r GmM A T 

13. Use -+-and T = 


2 3 

2k R 


R R n v 

The correct choice is (a). 

R 


14. Use g 2 = 


>? 


R + h) 


where h - R 


Also T 2 = 2k 


l 


and T, = 2k. I — . 


V#2 

The correct choice is (d). 

W/A Wxl 


\_ 

8 \ 


15. 


Y = 


A HI Ax Al 
A/ 


The slope of the graph = — 

The correct choice is (a). 

16. Let v be the velocity of efflux and V be the velocity 
with which the water level in the tank falls as 
shown in the following figure. From the equation of 
continuity of flow, we have av = AV or 

av 


V = 


From Bernoulli’s theorem, we have 


(1) 


+ - 2 P y2 + P8 n = p o +^pv 2 + pgh 


which gives v 2 = V 2 + 2g (H - h) 
Using (1) in (2), we get 

2 g(H - h) 2 x 9.8 x (2.0- 0.75) 


( 2 ) 


v 2 = 


1- 


a 

A 


1 - 0.2 


= 25 


which gives v = 5.0 ms 


-l 


H 


Tank 

Hole 


t 

h 

i 


-► v 


17. Given 


F,= V 2 


AL { — (7>A)L 2 => —2- — 3 

L 2 


Also 


y= 


/S Ly 


A Av (3/4) Ar 
The correct choice is (b). 

I 8. Let C' and C[ be the molar specific heals of a gas at 

constant pressure and constant volume respectively. 
Then 

C' p - C' v = R (1) 

The molecular mass of nitrogen is 28. Therefore, the 
specific heats per unit mass of nitrogen at constant 
pressure and at constant volume respectively are 

C C' 

C. = —- and C„ = — 


28 


28 


p 

Using these in Eq.(l), we get C p - C v = — . 

28 

19. For adiabatic process, 7', F, (/ ,)= T 2 V 2 r !) . Thus 


7; 


rvpW 
k v \ ; 


For a monoatomic gas, y = 5/3. 
Also V 2 !V x =L 2 /L x . 

Hence, 


T, 


(L. 


v L \ J 


(h 

Ui 


2/3 


20. In simple harmonic motion, the kinetic energy and 
potential energy both vary with displacement x but 
the total energy is the same for all values of x if 
friction is neglected. Hence the correct choice is (d). 
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21. Let a 0 be the amplitude of each wave. The resultant 
particle displacement due to superposition of the 
three waves is given by 

y = y\ +T2+T3 

= a 0 sin {2k (v- 1)/} + a 0 sin (2nvt) 

- a 0 sin {27 T(v+ 1)/} 

= 2 a 0 sin {2 nvt) cos 2 nt + a 0 sin (2 nvt) 

= a 0 (2 cos 2m + 1) sin (2;rW) 

=> y= A sin (2 nvt) 

where A = a 0 (2 cos 2 nt + 1) is the resultant amplitude. 
Since intensity (amplitude)", the resultant intensity 
is given by 
I=I 0 (2 cos 2m + l) 2 

(i) When cos 2 nt = +1 => 2m = 0, 2 n, .... 

=> t = 0, 1 s,... / = 9/ 0 

(ii) When cos 2 nt = -\ => 27T/ = n, 3/r,.... 

=> / = 0.5 s, 1.5s, ... / = 7 0 

(iii) When cos 2 nt = 0 => 2 nt = — —, ... 

2 2 

=> t = 0.25s, 0.75s,... / = 7 0 

(iv) When cos 2 nt = => 2m = —, —, ... 

2 3 3 


1 2 , „ 
=> t = -s, —s, ... / = 0 
3 3 

So the graph of I versus t (from t 
shown in figure. 


= 0 to /= 1 s) is as 



1/3 s 0.5 s 2/3 s 


Time period between two consecutive maxima is T h 
= 0.5. Therefore, frequency of beats is 

v h = — = — =2 Hz 
t h 0.5 

Thus 2 beats are produced per second. 

22. Original time period is 


7\ = 2* J- 


Pr act ice Test Paper —L P-V.9 


When the pendulum is moving upwards, the effective 
value of g is 

geff = g + a 

where a is the acceleration of the pendulum which is 
given by 

a = — = — (Kt) = K = 4.4 ms -2 
dt dt 

g eff = g + a = 10 + 4.4 = 14.4 ms 2 
Therefore, the new time period is 


From (1) and (2), we get 



10 _ 1 
14.4 ~ 1.2 


T 2 = -?+- = — = 2.5 s 
~ 1.2 1.2 


23. Given v = 330 ms 1 and u p = 22 ms . The apparent 
frequency of the police man’s horn of frequency 176 
Hz as heard by the motorcyclist is given by 


v, = 176 


330 

330-22 


308 


(330 -u m ) 


The apparent frequency of the stationary siren of 
frequency 165 Hz as heard by the motorcyclist is 
given by 

v 2 = .6 5 f———— (ii) 
2 V 330 

Since the motorcyclist does not observe any beats, v, 
= v 2 . Equating (i) and (ii) and solving for u m we get 
u m = 22 ms 1 

24. Use E = and find E for * = 4 |im. The correct 

dx 

choice is (d). Note that V decreases as x increases. 

25. The electric flux is given by the surface integral 

E.ds . Here the electric field E is due to all 

the charges, both inside and outside the Gaussian 
surface. Hence the correct choice is (c). 

26. Refer to figure on next page. 


Ct = 3 gF 

C 2 = 6 pF 

(+)||W > 

< (+)||H 

G 

^ s 

V- 

Ri =3Q 

—v A A A A,— 

R 2 = 6i2 

—, A AA A/— 


V=9 V 
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When the switch S is open, capacitors C, and C 2 are 
in series and their combined capacitance is 



C,c 2 

C| +c 2 


3x6 
3 + 6 


= 2/jF 


Charge on each capacitor = 2pFx9V=18pC 
When the switch S is closed, in the steady state, 
no current flows through the capacitors. Therefore, 
resistors R\ and R 2 will be in series and their combined 
resistance is /? = /?, + /? 2 = 3- 6 = 9f2 
Therefore, the current in each resistor is 


9Q 

Potential difference across R ] is 
V { = IR X = 1 x 3 = 3V 
Potential difference across R 2 is 

V 2 = IR 2 = 1 x 6 = 6V 

Since capacitor C, is connected across /?,, the 
potential difference across C, is V v Similarly, the 
potential difference across C 2 is V 2 . 

.*. Charge on capacitor C, in 

Q x = C] F, = 2 pF x 3 V 
= 9pC 

Charge on capacitor C 2 in Q 2 . = C 2 V 2 = 6 pF x 6 V 

= 36 pC 

Now, when the switch is open, the initial charge 
flowing from Y to X = 18 - 18 = 0 pC because 
the right plate of C, has a charge - 18 pC and left 
plate of C 2 has a change + 18 pC. When the switch 
S is closed, the final charge flowing from Y to X = 
-9 + 36 = + 27 pC. Therefore, the net charge flowing 
from Y to X when the switch is closed = 27 pC - 0 
= 27 pC. 

27. Relation R = R {) (1 + aA/) is valid for small changes 
in temperature. So the correct choice is (b). 

28. Use B = HqE for 0 < r < a 

2 na 

and B = - for r > a 

2 nr 


where a is the radius of the wire. The correct choice 
is (c). 

29. A circular metal loop carries a current. Flence charge, 
say, q moves along the circle with a velocity, say v 
which is tangential to the circle at every point. The 
force experienced by the charge is F = q (v x B). 
Since v is along the tangent and B is directed out of 
the x — y plane, the direction of the force is towards 
the centre O of the loop. Flence the force tends to 
contract the loop. Further, since F is perpendicular to 
v. no work is done on the loop. Hence it cannot have 
any translational motion. 


30. As the bar magnet moves towards the coil, the 
induced emf e = -dfpidt is negative and as it moves 
away, the induced emf is positive. Hence the correct 
choice is (b). 

31. When a wire of length / moves with a velocity v 
perpendicular to a magnetic field B y and emf E = B/v 
is induced between its ends. Hence the equivalent 
circuit is as shown in the following figure. From 
Kirchhoff’s junction rule 

/, + / 2 =/ 

Applying Kirchhoff’s loop rule to loops abefa and 
bedeb we have 

E-IR-I X R = 0 (1) 

and I 2 R + IR-E = 0 (2) 

Adding (1) and (2), we get /, = I 2 
Subtracting (1) and (2), we get 
2 E - 21R - (/, +I 2 )R= 0 

=> 2E-21R-IR =0 


2 E _ 2 B/v 
3 R ~ 2>R 



B/v 
3 R 


a b c 



32. The intensity of radiation of intensity / when it 
passes through a thickness x of an absorbing medium 
is given by 

/' = 7e~ /a 

where u is a constant. When jc, = 36 m, . 

8 

Therefore, 

- - 
8 

=> - = e~^ 

8 

or e » x \ = 8 

=> pjc| = In (8) = 2.08 

2.08 

=> = - 

Xi 
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or 


yd _ 1 
XD~ 4 

y_ = A 

D 4 d 


Using Eq. (1) in Eq. (3), we have 


sin 6 = 


4 d 


or 0 = sin 1 


(X_ 

U d 



37. For photoelectric emission, the wavelength of the 
incident radiation must be less than the cut-off 
wavelength of the metal given by A 0 = hcl<p 0 . For 
metals p , q and r, the cut-off wavelengths are 



1240 eV nm 
2.0 eV 


= 620 nm 



1240 

1240 

3.0 


= 496 nm 

= 413.3 nm 


Hence metal plate p emits photoelectrons for 
all the three given radiations, metal plate q emits 
photoelectrons for radiation of wavelengths 450 nm 
and 350 nm and metal plate r emits photoclcctrons 
only for wavelength 350 nm. Therefore photoelectric 
current is maximum for metal p and minimum for r, 
i.e. I p > I q > /,.. So the correct choice is (a). 

(momentum) 

38. Kinetic energy = —-- 

2 x mass 


Mass number of a-particle (m) = 4 units. Mass 
number of daughter nucleus (M) = 220 - 4 = 216 
units. If P and p denote the momenta of the daughter 
nucleus and the a-particle respectively, then 



P 2 | P 3 
2 M 2m 


Since momentum is conserved, P - p. Hence 


Q = 


2 \M Ml 2m\M I 


2 

Now — = KE of a-particle = E a . Thus, 


2m 


0= E a 


m + M 
M 


or 


E = Q M 

(m + M ) 


5.5 MeV x 216 
(4 + 216) 


= 5.4 MeV 


39. Let Q MeV be the energy of the proton. Then, we 
have Q + energy of one \ Li nucleus = energy of two 
2 He nuclei 

/. Q + 7 x 5.6 MeV = 2 x (4 x 7.06 MeV) 
or Q + 39.6 MeV = 56.48 MeV 
which gives Q = 17.28 MeV. 


40. 



5.488 

5.60-5.488 


= 49 
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